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N-FORMYL HYDROXYIAMlN^ffoMPOUNDS AS INHIBITORS OF eOJ12 Ri^rPCT^TO | 4 MAR 2005 

This invention is directed to novel N-fonmyl hydroxylamine compounds^ to the uses of these 
cx>mpounds In various medidnal applications, including treating disorders amenable to 
treatment by peptidyl deformylase inhibitors such as treatment of bacterial Infections, and to 
pharmaceutical compositions comprising these compounds. 

Treatment of microbial infection in host organisms requires an effective means to l<ill;the 
microbe while doing as little harm to the host as possible. Accordingly, agents which target 
characteristics unique to a pathology-causing microorganism are desirable for treatment. 
Penicillin is an extremely well known example of such an agent. Penicillin acts by inhiSiting 
biosynthesis of bacterial cell walls. Since mammalian cells do not require cell walls for 
survival, administration of penicillin to a human infected with bacteria may kill the bacteria 
without killing human cells. 

IHowever, the use of antibiotics and antimicrobials has also resulted in increased resistance 
to these agents. As bacteria become resistant to older, more widely used antimicrobial 
agents, new antimicrobials must be developed in order to provide effective treatments for 
human and non-human animals suffering from microbial infection. 

Peptide deformylase is a metallopeptidase found in prokaryotic origanisms such as bacteria. 
Protein synthesis in prokaryotic organisms begins with N-formyl methionine (fMet). After 
initiation of protein synthesis, the formyl group is removed by the enzyme pefiiide 
defomiyiase (PDF); this activity is essential for maturation of proteins. It has been shown ii iat 
PDF is required for bacterial growth (Chang et al, J. Bacterid., Vol. 171, pp. 4071-^1072 
(1989); Meinnel et al., J. Bacterioi.. Vol. 176, No. 23, pp. 7387-7390 (1994); Mazel et al.. 
EMBO J., Vol. 13, No. 4, pp. 914-23 (1994)). Since protein synthesis In eukaryotic organisms 
does not depend on fMet for initiation, agents that will inhibit PDF are attractive candidates 
for development of new antimicrobial and antibacterial drugs. Prokaryotic organism's, 
including disease-causing prokaryotes, are described In Balows A, Truper HG, Dworkin M, 
Harder W and Schleifer K-H (eds.). The Prokaryotes", 2nd ed., New York: Springer-Veriag 
(1992): and Holt JG (editor-in-chief), "Bergey's Manual of Systematic Bacteriology", Vols. 1-4, 
Baltimore: Williams & Wilkins (1982, 1986. 1989). 



PDF Is part of the metalloproteinase superfamily. While PDF dearly shares many of the 
features which characterize metalloproteinases, . it differs from other members of the 
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superfamily in several ii 




tnt respects. First, the metal Ion In tlie 



enzyme appears 



to be Fe (II), or possibly another divalent cationic metal. Instead of the zinc Ion more 
commonly encountered (Rajagopalan et al., J. Am. Chem. Soc, Vol. 119, pp. 12418-12419 
(1997)). Second, the divalent Ion appears to play an Important role, not only in catalysis.rbut 
also in the structural Integrity of the protein. Third, the third ligatiiji of the divalent ion l^s a 
cysteine, rather than a histidine or a glutamate, as In other metalloprotelnases and isipot 
located at the C-tenminal side of the HEXXH motif but far away along the amino acid 
sequence and N-terminal to the motif. Finally, the solution structure shows significant 
differences in the secondary and tertiary structure of PDF compared to other prototypical 
metalloprotelnases (see Melnnel et al., J. Mol. Biol., Vol. 262, pp. 375-386 (1996)). PDF frbm 
E. coti. Bacillus stearothermophilus, and Thermus thermophitus have been characterized 
(see Melnnel et al., J. Mol. BloL, Vol. 267, pp. 749-761 (1997)).sThe enzyme studied by 
Melnnel et al. contained a zinc Ion as the divalent Ion and the stmctCiral features summarized 
above were obtained from zinc-containing proteins. The structure of the protein has also 
been determined by NMR (see O'ConneU et al., J. Blomo!. NMR, Vol. 13, No. 4, pp. 311-324 
(1999)). 

Metalloprotelnases are critical to many aspects of normal metabolism. The dass known as 
matrix metalloprotelnases (MMPs) are involved In tissue remodeling, such as degradation of 
the extracellular matrix. These enzymes are believed to play a role In norma) or beneficial 
biological events such as the formation of the corpus luteum during pregnancy (see Liu et al., 
Endocrinology, Vol. 140, No. 11, pp. 5330-5338 (1999)), wound healing (Yamaglwa et al., 
Bone, Vol. 25, No. 2, pp. 197-203 (1999)), and bone growth In healthy children (Bord et al.. 
Bone, Vol. 23, No. 1, pp. 7-12 (1998)). Disorders involving metalloprotelnases have been 
implicated In several diseases such as cancer, arthritis, and autoimmune diseases. 

Because of the importance of MMPs in nomnal physiological processes, it would be 
preferable to develop agents that inhibit PDF, a metalioproteinase present only in 
prokaryotes, while avoiding significant Inhibition of MMPs. Alternatively. PDF Inhibitors which 
also inhibit MMPs may be of use where the therapeutic benefits of inhibiting PDF outweigh 
the risk of side effects from MMP inhibition. 

A wide variety of compounds have been developed as candidate inhibitors of MMPs and 
other metalloprotelnases, and much effort has also been directed at synthetic methods for 
these compounds and related compounds (see Izqulerdo-MarHn et al., J. Am. Chem. Soc. 
Vol. 114, pp. 325-331 (1992); Cushman et al.. Chapter 5, "Specific Inhibitors of Zinc 
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Metallopeptidases", Topii^l^ Molecular Pharmacology. Bungen & ^^brts, eds. (1981); 
Mohler et al.. Nature. Vol. 370, pp. 218-^0 (1994); Gearing et al.. Nature, Vol. 370, 
pp. 555-557 (1994); McGeehan et al.. Nature, Vol. 370, pp. 558-561 (1994); U.S. Patent 
Nos. 4,052,511, 4,303,662, 4,311,705, 4,321,383, 4,599,361. -4,804,676, 5,128,346, 
5,256,657, 5.268.384, 5.447,929. 5,453,423;;: 5,552,41 9, 5,614,625. 5,643,908, 5,712,300, 
and 5,869,518; European patent publlcatiops. EP 236872. EP ?^4453, EP 334244, EP 
423943, EP 489577, EP 489579, EP 497192, EP 574758; and International PCT Patent 
Applications Publication Nos. WO 90/0571 6&VVO 90/05719, WO 91/02716, WO 92/13831. 
WO 92/22523, WO 93/09090, WO 93/09097kWO 93/20047, WO 93/24449, WO 93/24475, 
WO 94/02446, WO 94/02447. WO 94/21612,? WO 94/25434, WO 94/25435, WO 95/33731, 
WO 96/25156, WO 96/26918 WO 97/30707, WO 97/49674; WO 98/55449, and 
WO 99/02510). s 

Research on inhibitors of PDF is much less extensive than that for inhibitors of MMPs. N- 
formyl hydroxylamlne derivatives are described in International Patent Application WO 
99/39704. Peptide aldehyde inhibitors of RDF^s are described in Durand et al., Arch. 
Blochem. Biophys.. Vol. 367, No. 2, pp. 297-302 (1999). The PDF inhibitor (S)-2-0-(H- 
phosphonoxy)-L-caproyl-Ueucyl-p-nitroanilide is described in Hao et al., Biochemistry, 
Vol. 38, pp. 4712-4719 (1999), and peptidyl H-phosphonate inhibitors of PDF are discussed 
in Hu et al.. Bioorg. Med. Chem. Lett, Vol. 8, pp. 2479 2482 (1998). Fomiylated peptides 
and pseudopeptides are described in Meinnel et al.. Biochemistry, Vol. 38, No. 14, 
pp. 4288-4295 (1999) as inhibitors of PDF. 

In view of the importance of identifying new a?itibiottcs to treat i3acteria resistant to existing 
antibiotics, it is desirable to develop novel hshibitors of PDF for evaluation and use as 
antibacterial and antimicrobial agents. The present invention fulfills this need. 

In particular, tiie present invention provides a N-[1-oxo-2-all<yl-3-(N-hydroxyformamido)- 
propyl]-(carbonylamino-aryl or -heteroaryl)-azacyclo 4.7 allcane or thiazacycio 4.7 atkane or 
imidazacycio 4-7 all<ane (referred to herein coHectively as "compounds of the Invention"), a 
salt thereof or a prodrug thereof, e.g. a compound of formula (I): 
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(I) 



wherein X is -CHz-, -S-^-CH(OH)-, -CH(ORH -CH(SHK -CH(SRK -CF2-, -C=N(OR). or 
-CH(F)-; wherein R Is allf I- - 
Ri is aryl or heteroaryl; ti' ?r 

each of R2, R3, R4 and Independently is hydrogen or alkyi, or (R2 or Ra) and (R4 or R5) 

collectively form a C4.7 c^Gloalkyl; and 

n is 0 to 3, provided that when n is 0, X is -CH2-; or 

a salt thereof or a prodrug thereof. 

e • . . ■ - . 

In one embodiment Ri W b heteroaryl of formula (II) 




(II) 



wherein each of Re, R7, Re and Rg independently Is hydrogen, allcyl, substituted a!kyl, 
hydroxy, alkoxy, acyl, acyloxy. SCN, halogen, cyano, nitro, thioalkoxy, phenyl, 
heteroalkylaryl, alkylsulfonyl, or fonrnyl; 

In another embodiment, Ri is preferably a heteroaryl of formula (IL1) 




(11.1) 



wherein Re, R7, Re and R9 are as defined above for formula (II); 
e.g. wherein 
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a. ) Re is nitro, alkyl, sublH^d alkyi, phenyl, hydroxy, formyl, hetero^^iryl, alkoxy, acyl or 
.acyloxy; preferably alkyl, especially C1.7 alkyl; hydroxyl; or alkoxy, especially a C1.7 ' 
- alkoxy; and R7, Re, and Rg are hydrogen; or 

b. ): R6, Raand R9 are hydrogen, and R7 Is alkyl, substituted alkyl, phenyl, halogen, alkoxy or 
; cyano, preferably alkyl, especially Ci,7 alkyl; substituted alkyl, especially substituted C1-7 
T^alkyl such as -CF3; orjalkoxy, especially C1.7 alkoxy; or 

cOiRe. R7. R9 are hydrogen and Re is alkyl, substituted alkyl, halogen, nitro, cyano, 
g|hioalkoxy, acyloxy, phenyl, alkyfsulfonyl or carboxyalkyi, preferably alkyl, especially C1-7 l^f 
i,,alkyl; substituted alkyh especially -CF3; halogen; or carboxyalkyi; or Irf 

d. )i:Re, R7, Rs are hydrogen and R9 is alkyl, halogen or hydroxy; or 

e. )gR7 and Rg are hydrogen, and each of Re and Re independently is halogen, alkyl, % 

^substituted alkyl, phenyl or cyano; or w 

f. ) .each of R7 and Rg is alkyl or substituted alkyl and Re and Re are hydrogen; or j 

g. ) fRe and Rg are hydrogen, R7 is alkyl or substituted afkyi and Re Is nitro; or 

hO^Re and Rg are hydrogen, Re Is cyano, and R7 Is alkoxy; or ;^ 
i.) 'R7 and Re are hydrogen and Re is alkyl, substituted alkyl, alko)^ or SCN and Rg is alkyl or ] 
^substituted alkyl; or 

j.) ^Re and R7 are hydrogen. Re is nitro or halogen and Rg is alkyl or substituted alkyl; or 
k.) Re, R7, Re snd Rgare hydrogen; or 

I.) Re and R7 together with the carbon atoms to which they are attached fonn a phenyl 
group, preferably substituted with hydroxy, and Re and Rg are hydrogen; or 

m.) Re and R7 are hydrogen and Re and Rg together with the carbon atoms to which they are 
attached form a phenyl group; or 

n.) n is 0; or 

o.) n Is 0, and each of Re, R7. Re and Rg independently is hydrogen, alkyl or halogen and 

more particularly Re, R7, Re and Rg are hydrogen; or 
p.) n is 0, and Re, Re and Rg are hydrogen and R7 is alkyl; or 
q.) n is 0, and Re, R7and Rg are hydrogen and Re is all^l or halogen. 

In another embodiment, Ri is of formula (11.2) 
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(11.2) 



wherein Re, R?. Rs and Rg are as defined above for fomnula (II); in partloifar, R7 and Re 
together with the carbon atoms to which they are attached form a phenyl gi^p and Re and 
R9 are hydrogen. ^ 

In yet another embodiment, the Ri is of formula (III) 5^: 




or 




or 




(III) 



wherein each of Re, R?, Re and Rq independently is hydrogen, alkyl. substitut^^d alkyl, ph3nyl, 
halogen, hydroxy or alkoxy, 
e.g. wherein 

a. ) Re and Re are hydrogen, R9 is hydrogen or alkyl and R7 is alkyl, substituted alkyl or 

phenyl; 

b. ) Re, R7 and R9 are hydrogen and Re is halogen, alkyl or substituted alkyl 

c. ) R7, Re and R9 are hydrogen and Re is hydroxy. 

In a particularly useful embodiment the heteroaryl is of the formula (111.1) 




(IIM) 



wherein Re, R?, Re and Rg are as defined above for formula (III). 
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In another embodiment,^^||^is an unsubstituted phenyl or the phel^^ substituted with 
alkoxy, e.g. methoxy, or aryloxy, e.g. phenoxy. 

In another embodiment, the Ri is of formula (IV) 

.Rio 




wherein each of Rio and Rn independently is hydrogen^pr halogen. In particular, Rio and Rn 
are both either hydrogen or both halogen. .^r : ; 

Unless othenArise stated, the following terms as used in the specification have the following 
meaning. 

■ . ■ ■ 

The term "cycloalkane" or cycloalkyl" contains from 3- to 7-ring carbon atoms, and is, e.g. 
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. 

The term "azacyclo 4-7 alkane" contains 1-ring heteroatom which is a nitrogen. It contains 
from 4 to 7, and especially 4- or 5-ring atomis including the heteroatom. 

The term "thiazacycio 4.7 alkane" contains 2-ring heteroatoms, nitrogen and sulfur. It contains 
from 4 to 7, and especially 5-ring atoms including the heteroatoms. 

The term "imidazacyclo 4-7 alkane" contains 2-ring heteroatoms which are both nitrogen. It 
contains from 4 to 7, and especially 5-ring atoms including the heteroatoms. 

The term "alkyl" refers to saturated or unsaturated aliphatic groups such as alkenyl or alkynyl, 
cycloalkyi, or substituted alkyi including straight-chain, branched chain and cyclic groups 
having from 1 to 10 carbons atoms. Preferably "alkyl" or "alk", whenever it occurs. Is a 
saturated aliphatic group or cycloalkyi, nr&ore preferably Ci.raikyI, particuiariy Ci^alkyl. 
Examples of "alkyI" or "alk" include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n- 
butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, neopentyl, n-hexyl or n-heptyl, cyclopropyl, and 
especially n-butyl. 

The term "substituted alky!" refers to an alkyI group that is substituted with one or more 
substitutents preferably 1 to 3 substitutents including, but not limited to substituents such as 
halogen, lower alkoxy, hydroxy, mercapto, carboxy, cycloalkyi, aryl, heteroaryl, and the like. 
Examples of substituted alkyI groups include, but are not limited to, -CF3, -CFz-CFs, 

-7- 
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hydroxymethyl, 1- or 2-h^^fe(yethyl, methoxy methyl, 1- or 2-ethoxyeifl^carboxymethyl, 1- 

or 2-carboxyethyl, and the like. 

The term "aryl" or "Ar" refers to an aromatic carbocyclic group of 6 to 14 carbon atoms having 
a single ring (Including, but not limited to, groups such as phenyl) or multiple condensed rings 
(including, but not limited to, groupsjsuch as naphthyl or anthryl), and is especially phenyl. 

The term "heteroaryl" or "HetArlS: refers to a 4- to 7-membered, monocyclic aromatic 
heterocycle or a bicycle that is ^"mposed of a 4- to 7-meml3ered, monocyclic aromatic 
heterocycle and a fused-on benzene ring. The heteroaryl has at least one hetero atom, 
preferably one or two heteroatoms including, but not limited to, heteroatoms such as N, O 
and S, within the ring. A preferred hleteroaryl group is pyridinyl, pyrimidinyl or benzdioxolanyl. 

The aryl or heteroaryi may be unsubstituted or substituted by one or more substituents 
including, but not limited to Ci.zalkyi, particularly Ci^ alkyi such as methyl, hydroxy, aikoxy, 
acyl, acyloxy, SCN, halogen, cyanb, nitro, thioalkoxy, phenyl, heteroalkylaryl, alkylsulfonyl, 
andfonmyl. 

The term "carbonylamine" as used herein refers to a -NHC(O)- group wherein the amino 
portion of the group is linked to the aryl/heteroaryl and the carbonyt portion of the group is 
linked to the azacycio 4.7 aikane, thiazac^clo 4.7 alkane or imidazacydo 4.7 alkahe. 

The term "heteroalkyr refers to saturated or unsaturated C1-10 iaikyi as defined above, and 
especially heteroaikyl which contain one or more heteroatoms, as part of the main, 
branched, or cyclic chains in the group. Heteroatoms may independently be selected from 
the group consisting of -NR- where R Is hydrogen or alkyI, -S-, -0-, and -P-; preferably -NR- 
where R is hydrogen or alkyI, and/or Heteroaikyl groups may be attached to the 
remainder of the molecule either at a heteroatom (if a valence is available) or at a carbon 
atom. Examples of heteroaikyl groups include, but are not limited to, groups such as -O-CH3, 
-CH2-b-CH3, -CH2-CH2-O-CH3, -S-CH2-CH2-CH3, -CH2-CH(CH3)-S-CH3, and -CHa-CH^-NH- 
CHg^CHar- 

The heteroaikyl group may be unsubstituted or substituted with one or more substituents, 
preferably one to three substituents, including but not limited to, alkyI, halogen, aikoxy, 
hydroxyl, mercapto, carboxy, and especially phenyl. The heteroatom(s) as well as the carbon 
atoms of the group may be substituted. The heteroatom(s) may also be In oxidized fonn. 



-8- 



wo 02/102790 PCT/EP02/06604 

The term "alkoxy" as t^Hl^ herein refers to a Clio alkyi linked td^^ oxygen atom» or 
preferably C1.7 alkoxy, more preferably alkoxy. Examples of alkoxy groups include, but 
are not limited to, group^ such as methoxy, ethoxy, nTbutoxy, fe/f-butoxy, and allyloxy. 

The term "acyl" as used herein refers to the group -(0)CR where R is alkyi, espedally C1.7 
alkyi such as methyl. Examples^ of acyl groups include, but are not limited to. f acetyl, 
propanoyi and butanoyl. ' . 

The temi "ao^loxy" as used herein refers to the group -OC(0)R, wherein R is hydrogeWf alkyi, 
espedally C1.7 alkyi such as methyl^ or ethyl, or phenyl or substituted alkyi as defined dbove. 

The term "alkoxycarbonyP as used herein refers to the group -COOR, wherein R i^. alkyi, 
especially C1-7 alkyi such as methyl or ethyl. 



The term "halogen" or "halo" as used herein refer to chlorine, bromine, fluorine, lodine,,and is 
espedally fluorine. 

The term "thioalkoxy" as used herein means a group -SR where R is an alkyi as defined 
above, e.g. methylthio, ethylthio, propylthio, butylthio, and the like. -45 

The term "heteroalkylaryl" as used herein means a heteroalkyi group, e.g. -O-CH2- 
substituted v\^th an aryl group, espedally phenyl. The phenyl group itself may disc be 
substituted with one or more substituents such as halogen, especially fluoro and chloro, and 
alkoxy such as methoxy. 

The tenm "alkylsulfonyP as used herein means a group -SO2R wherein R is alkyi, especially 
C1.7 alkyi, such as methyl sulfonyL 

"Protecting group" refers to a chemical group that exhibits the following characteristics: 
1) reacts selectively with the desired functionality in good yield to give a protected substrate 
that is stable to the projected reactions for which protection is desired; 2) is selectively 
removable from the protected substrate to yield the desired functionality; and 3) is removable 
In good yield by reagents compatible with the other functional group(s) present or generated 
in such projected reactions. Examples of suitable protecting groups may be found in Greene 
et al., "Protective Groups in Organic Synthesis", 2nd Ed., John Wiley & Sons, Inc., New York 
(1991). Preferred amino protecting groups include, but are not limited to, benzyloxycarbonyl 
(CBz), t-butyl-oxycarbonyl (Boc), t-butyldimethylsilyl (TBDMS), 9-fluorenylmethyl-oxycarbonyl 
(Fmoc), or suitable photolabile protecting groups such as 6-nitroveratryloxy carbonyl (Nvoc), 
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nitropiperonyl, pyrenylm^llllK^carbonyl, nitrobenzyl, dimethyl dimetl'l^|ll>enzyl, 5-bromo-7- 
nitroindolinyl,- and the like. Preferred hydroxy protecting groups include Fmoc, TBDIVIS. 
photolabile protecting groups (such as nitroveratryl oxymethyl ether (Nvom)), Mom (methoxy 
methyl ether), and Mem (methoxy ethoxy methyl ether). ParUculariy preferred protecting 
groups inclucle NPEOC (4-nltrophenethyloxycarbonyl) and NPEOM (4-nltrophenethyloxy- 
methyloxycarfobnyi). 

It will be appreciated that the compounds of formula (I) may .exist in the form of optical 
isomers, racemates or diastereoisomers. For example, a compound of formula (I) wherein R2 
and R3 are different residues or wherein R4 and R5 are different residues, is asymmetric and 
may have the R- or S- configuration. It is to be understood that the present invention 
embraces all enantiomers and their mixtures. Similar considerations apply In relation to 
starting materials exhibiting asymetric carbon atoms as mentioned. 

The compounds of the Invention, e.g. the compounds of formula (I), may exist In free form or 
In salt form, e.g. In form of a pharmaceutically acceptable salt. A ''pharmaceutically 
acceptable salf of a compound means a physiologically and pharmaceutically acceptable 
salt that possesses the desired pharmacological activity of the; parent compound and does 
not impart undesired toxicological effects. Such salts include: 

(1) acid addition salts, formed with inorganic adds such as hydrochloric &cid, hydrobromic 
acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids 
such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic 
acid, pyruvic acid, lactic acid, malonic acid, succinic accd, malic acid, maleic acid, 
fumaric acid, tartaric add, citric acid, benzoic add, 3-(4-hydroxybenzby|)benzoic add, 
dnnamic add, mandelic add, methanesulfonic add, ethanasulfonic acid, 1,2-ethane- 
disulfonic add, 2-hydroxyethanesulfonic add, benzenesulfonic add, 4-chlorobenzene- 
sulfonlc acid, 2-napthalenesulforiic acid, 4-toluenesulfonic add, camphorsulfonic add, 3- 
phenylpropionic add, trimethylacetic add, tertiary butylacetic add, isuryl sulfuric add, 
gluconic add, glutamic add, hydroxynapthoic acid, salicylic acid, stearic add, muconic 
add, and the like; or 

(2) salts formed when an acidic proton present in ttie parent compound either is replaced by 
a metal ion, e.g. an alkali metal Ion, an alkaline earth ion, or an aluminum ion; or 
coordinates with an organic base such as ethanolamine, diethanolamine, tiiethanol- 
amine, tromethamine, N-methylgluc^mine, and the like. 
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A compound of the inv||||^, e.g. the compounds of fomiula (I), rl^^ct as a pro-drug. 
"Prodrug" means any compound which releases an active parent drug according to fomnula 
(I) tn vivo when such prodrug is administered to a mammalian subject Prodrugs of a 
compound of formula (I) are prepared by modifying functional groups present in the 
compound of formula (I) in such a way that the modifications may be cleaved in vivo to 
release the parent compound. Prodrugs include compounds of formula (I) wherein a hydroxy, 
amino, or sulfhydryl group is bonded to any group that may be cleaved in vivo to regenerate 
the free hydroxyl, amino, or sulfhydryl group/. respectively. Examples of prodrugs include, but 
are not limited to esters (e.g. acetate, fomnrate, and benzoate derivatives), carbamates (e.g. 
N, N-dimethylamino-carbonyl) of hydroxy functional groups in compounds of formula (1), and 
the like. l: ^ 

In the compounds of fomnula (I), the follow|ng significances are preferred Individually or in 
any sut>-combination: 

1. Ri Is a heteroaryl of formula (11.1) wherein Re, R7 and R9 are hydrogen and Re Is methyl 
or trifluoromethyl; or Re, R7 and Re aresrhydrogen and R9 is fluoro; or Re, Re and R9 are 
hydrogen and R7 is ethyl or methoxy; drR?, Re and Rg are hydrogen and Re is hydroxy; 
or R7 and Re are hydrogen. Re is methoxy and R9 Is methyl; or Ri is a heteroaryl of 
formula (III.1) wherein Re, R7 and Rg are hydrogen and Re is fluoro or trifluoromethyl; or 
Re, Re and Rg are hydrogen and R7 Is ethyl; preferably Ri is a heteroaryl of fomiula (11.1) 
wherein Re. Re and Rg are hydrogen and R7 is ethyl or a heteroaryl of fonmula (III.1) 
wherein Re, R7 and Rg are hydrogen and Re Is fluoro. 

2. X is -CH2-.-CH(OHK rCH(OR)-, -CF2- or "CH(F)-, preferably X is -CH2S 

3. R2, R3, R4 are hydrogen; 

4. R5 is alkyi, preferably C1.7 alkyj such as n-butyl; 

5. nisi. 

The present invention also provides a process for preparing a compound of the invention, 
e.g. a compound of formula (I) which process comprises reacting a compound of fomnula (V) 



(V) 
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wherein R2, R3, R4 and |j||^e as defined above and Y is a hydroxy^^ecting group, or a 
functional derivative thereof, with a compound of formula (VI) 



(VI) 



wherein Ri, X and n a^e as defined above, and X' fs NH or O, and where required, converting 




the resulting cdmpoundis obtained in free form into salt fonms or vids versa. 

^^r ■ n 

Functional derivatives; of compounds of formula (V) Include e.g. halogenides, e.g. acid 
chloride, acid anhydride or an activated ester. 

ji • ■ . 

Above reactions may be carried out according to methods known In the art or as disclosed in 
the Examples befow. The reaction may conveniently be camed ouf In the presence of a base 
and then followed by hydrogenation, prefereably in the presence cf a hydrogenation catalyst. 
Suitable bases include e.g. Hunig base (i.e. diisopropylethylamine) and inorganic bases such 
as sodium bicarbonate: The hydrogenation catalyst, preferably a palladium catalyst, e.g. 
palladium on carbon or palladium black, may then be added to the resulting product, e.g. 
after concentration and stirred under a hydrogen atmosphere e.g. for about 16 to about 24 
hours. The palladium catalyst may be added preferably from about 5 mol% to about 10 mol% 
of the concentrated product 

Compounds of formula (V), used as starting materials, may be prepared e.g. by reacting a 
compound of formula C^ll) 



wherein R2, R3, R4, Rs, and Y are as defined above, e.g. under mild basic conditions e.g. as 
known in the art. Typically, this reaction may be carried out by dissolving the compound of 
fomiula (VII) e.g. In a mixture of an Inert solvent, such as THF, DMF, toluene, dioxane or 



wo 02/102790 PCT/EP02/G6604 

PH2CI2, and water, and l(||^g hydrogen peroxide and then an aqued^^lution of the base ! 

in water to the cooled mixture. Examples of base include, e.g. sodium bicarbonate, lithium • f: 

hydroxide, sodium hydroxide and the like. The base may be used preferably at from about I 

1.1 to about 1.5 equivalents to the compound, of formula (VII). r : 

Cbmpounds of fomnula (VII) may be produced e.g. by reacting a compound of formula (VIII) 
Wherein R2, R3, R4, R5 and Y are as defined above, with formic acid as known in the art. The / c 
reaction may typically be canrled out, e.g. at p**C, by adding a solution of acetic anhydride in 
f|rmic acid to a solution of a compound of formula (VIII) in fomilc acid. 



3i 




(VIII) (IX) 




(X) (XI) (XII) 

Compounds of formula (VIII) may be prepared e.g. by reacting a compound of formula (IX) 
wherein R2, R3, R4 and R5 are as defined above, with a solution of p-toluenesulfonic acid in 
an inert organic solvent, and a solution of NaaCOa, e.g. 1 M, as known in the art 

Compounds of fomnula (IX) may be prepared e.g. by reacting a compound of fomiula (X) 
wherein R2, R3 and Rs are as defined above, with a hydroxy protected compound of 
fomnula (XI) wherein Y Is aryl, alkyi, aralkyi or sllyl, as known In the art 

The compound of formula (X) may be produced e.g. by reacting a compound of formula (XII) 
with pivaloyi chloride, wherein R4 is as defined above, as known sn the art. 
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Insofar as the productiorl^^tarting materials Is not partlculariy desc^^^, the compounds 
are known or rhay be prepared analogously to methods known in the art'dr as disclosed In 
the examples hereinafter. 



The following abbreviations are used: 

DIEA = dlisopropylethylamine . 

DMF = dimethylformamide ^: 

DMSO = dimethylsulfoxide . ni 

EtOAc = ethyl acetate ^ ^ 

FC = flash chromatography ^ 

HATU = 0-(7-a2a-benzotriazoH-yl)-N,N,N',N -tetramethyluronium hexafluorophosphate 

MCPBA = meta-chloroperoxy-benzoic acid : 

PFP = pentafluorophenyl. 

p-TSA = p4oluenesulfonlc add 

rt = room temperature 

TFA = trifluoroacetic add 

THF = tetrahydrofuran ' 

General Procedure A : Synthesis of 1-{2(R)-[(formylhydroxyamino)-methyl]-alkanayl}- 
pyrrolidine-2(S)-carboxylic acid amide (Scheme) 

Step 1 : 2-n-butyI acrylic acid (A-2) 

To a solution of alkyi malonic add A-1 (R = n-butyl (107.4 mmol) in eth^nol (200 ml) is 
added piperidine (12.7 ml, 128.8 mmol, 1.2 equiv.) and 37% aqueous formaldehyde (40.0 
ml, 536.9 mmol. 5 equiv.). The solution is heated to 80**C during which time a predpitate 
appears, and then gradually re-dissqlves over 1 h. The reaction mixture is stirred at 80*C 
ovemight then cooled to rt. The solvents are removed under reduced pressure, and the 
residue is dissolved in EtOAc, washed successively with 1M HCI and brine, dried bver 
anhydrous Na2S04, and filtered. The filtrate Is concentrated to give the title compound A-2 
asadearolL 

Step 2: 4-benzyl-3-(2-butyl-acryloyl)-oxazolidln-2-one (A-3) 

2-n-Butyl acrylic acid (9.90 g, 77.2 mmol, and 1 equiv.) is dissolved In dry THF (260 ml) and 
cooled to -78*C under nitrogen. Hunig's base (17.5 ml, 100.4 mmol, 1.3 equiv.) and pivaloyi 
chloride (9.5 ml, 77.2 mmol, 1 equiv.) are added at such a rate that the temperature remains 
below -60**C. The mixture Is stirred at -78''C for 30 min, warmed to rt for 2 h, and finally 
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cooled back to -JB'C. In a separate flask, (S)-(-)-4-b.enzyl-2-oxazolidinorTe (13.49 g. 77.24 
mnriol) is dissolved in dry THF (150 ml) and cooled to -78''C under nitrogen. n-Butyllithium 
(2.5M solution in hexanes, 30;9 ml, 77.2 mmol, 1 equiy.) is added slowly at -78''C, and the 
mixture is stin-ed for 30 min at rt. The resulting anion ^ slowly transfenned via a cannula into 
the original reaction vessel. The mixture is allowed to Wami to rt and is stirred overnight at rt 
The. reaction is quendied witti 1M KHCO3. and the^isblvents are removed under reduced 
pressure. The residue Is partitioned between EtOAc ahd water. The organic layer is washed 
witNibrine, dried over anhydrous Na2S04, filtered, and^ncentrated to give a yelk>w oil which 
is purified by FC (hexane:EtOAc = 4: 1 ) to yield the titl&mpound A-3 as a white solid. 
1H NMR (CDCI3): 8 7.39-7.20 (m, 5H), 5.42-5.40 (d..J = 7.14 Hz. 2H), 4.76-4.68 (m, 1H), 
4.29-4.16 (m, 2H). 3.40-3.35 (dd. J = 3.57, 13.46 Hz, ij^). 2.86-2.79 (dd, J = 9.34, 13.46 Hz, 
1H), 2.42-2.37 (t. J = 7.69 Hz. 2H), 1.55-1.30 (m, 4H), 0.95-0.90 (t, J = 7.14 Hz. 3H). ES-MS: 
calcd. For C17H21NO3 (287.35); found: 288.5 [M+H]. 



¥1 



R CO^H CHjO. Piperidine R.^,^CO,H 

T jf' 

COjH EtOH.aO'C " 



A-1 



A-2 



I) n O 

A.3 



2)0= 



R ^y-o 

BnO^ 

O ^ 



HCO2H 
ACjO 



A-5 



U 

78**C 



1)p-TSA/EtOAc H 
BnO-''^ 




2)1MNa2C03 



o 

A-4 



BnO 



H 



o=< R 



A-6 



A-7 ^ i /HATU A.9 



A°8 



2) H2, Pd/C 



X = CH2, -S-. -CH(OHK -CH(ORK -CH(SHK -CH(SRK -CFz-, -C=N(OR)- or -CH(F)-: n = 0 to 3 
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Step 3: 4-benzyN3-[2-(benzyloxyamino-iTiethyl)-hexanoyl]-oxazolidIn-2-one (p-toluene- 
sulfonic acid salt) ^ 

Compound A-3 (8.25 g, 28.7 mmol) is mixed with O-benzylhydroxylamine (7.07 g, 57.4 
mmol. 2 equiv.) and stin^d for 40 h at rt under nitrogen. The mixture is dissolved in EtOAc 
and p-TSA (21.84 g. 114.8 rnmol. and 4 equiv.) is added to precipitate excess O- 
benzylhydroxylamine as a whiter solid. The white solid Is filtered off, arid the filtrate Is 
concentrated to give a crude yellow oil (HPLC analysis indicated a small'^^race of starting 
material). Charging the crude yellow oil with excess diethyl ether and cooling to OX for 30 
min gives a solid which is collected by filtration and dried in vacuo to' afford the title 
compound as a white crystalline. solid (single diastereonier). 

1H NMR (CDCI3): 5 8.07-8.04 (d. J = 8.24 Hz, 2H), 7.59-7.39 (m, 10H), 7:18-7.15 (d. J = 
7.69 Hz, 2H), 5.49-5.40 (q. J = 8161 Hz. 2H), 4.65-4.56 (m. 1H), 4.25-4.08 (m, 3H), 3.83-3.79 
(d. J = 13.46 Hz. 1H), 3.15-3.11 (d. J = 13.46 Hz, 1H), 2.56 (s, 3H). 1.83-1.^7 (m, 4H). 1.40 
(bs. 4H), 1.00-0.951 (t, J = 6.87. 3H). ES-MS: calcd. For C24H3oN204*C7He03S (582.71); 
found: 41 1 .7 [M+H] free base. " 

step 4: 4-benzyl-3-[2-(benzyloxyamino-methyI)-hexanoyl]-oxazoliciin-2-one (A-5) 
To a solution of p-TSA (22.9 g, 39 3 mmol) dissolved in EtOAc (400 ml), is added 1iy4 
NaaCOs (200 ml, 5 equiv.) and stirred at rt for 30 min. The layers are separated, and the 
aqueous layer extracted with EtOAc. The combined organic layers are dried over anhydrous 
Na2S04. filtered, and concentrated to give the title compound as a pale opaque oil. 
1H NMR (CDCI3): § 7.57-7.38 (m, 10H). 4.98-4.90 (m, 2H). 4.87-4.79 (m. 1H). 4.38-4.28 (rn, 
3H), 3.64-3.57 (dd, J = 9.21, 12.64 Hz, 1H), 3.46-3.36 (td, J = 3.76, 13.05 Hz. 2H), 2.68-2.60 
(dd, J = 10.03, 13.46 Hz, 1H), 1.90-1.88 (m, 1H), 1.78-1.71 (m, 1H). 1.51-1.44 (m. 4H), 1.10- 
1 .06 (t. J = 6.73 Hz, 3H). ES-MS: calcd. For Ca4H3oN204 (41 0.51 ); found: 41 1 .7 [M+HJ. 

Step 5: MI2-(4-benzyl-2-oxo-oxazblidlne-3-carbonyl)-hexyq-/V-beiizyloxy-formanfiide 
(A-6) 

A solution of compound A-5 (5.38 g. 13.1 mniol, 1 equiv.) in formic add (7.4 ml, 196.6 mmol. 
15 equiv.) is cooled to O'C under nitrogen. In a separate flask, fonnic add (7.4 ml, 196.6 
mmol. 15 equiv.) is cooled to O'C under nitrogen, and acetic anhydride (2.47 ml, 26.2 mmol, 
2 equiv.) is added dropwise. The solution is stin-ed at O'C for 15 min. The resulting mixed 
anhydride is slowly transferred via syringe Into the original reaction vessel. The mixture is 
stirred at O'C for 1 h, then at rt for 3 h. The mixture is concentrated, taken up in CH2CI2, and 
washed successively with saturated NaHCOs and brine. The organic layer is dried over 
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r^^nd concentrated to give an opaque oil i 



anliydrou5;Na2S04, fiSteredTand concentrated to give an opaque oil wnlcn is purified by FC 
(hexane:EtbAc = 2:1 then CH2Cl2:acetone = 9:1) to yield the title compound as a colorless 
oil- 

1H NMR (CpCls. rotamers): 5 8.38 (s, 0.7H), 8.21 (s. 0:3H), 7.54-7.35 (m. 10H), 5.0-5.00 (m, 
2H), 4.88-4?51 (m, 1H). 4.39-4.29 (m, 4H), 4.07-4.03 ^m. 1H), 3.43-3.39 (m, 1H). 2.66-2.58 
(m, 1H), 1.89 (bs, 1H), 1.73 (bs, 1H), 1.49-1.44 (m, 3H). 1.10-1.06 (t, J = 6.73 Hz, 3H). ES- 
MS: calcd. jlior C25H30N2O5 (438.62); found: 439.7 [M+HJ. 

Step 6: 2-[(&enzyloxy-formyl-amino)-methyl]-hexanbic acid (A-7) 

Compound^i\-6 (0.163 g. 0.372 mmol, 1 equfv.) Is dissolved in THF (4.5 ml) and water (1.5 
ml) and copied to O^^C. Hydrogen peroxide (30% in water, 228 pi, 2.23 mmol, 6 equiv.) is 
added drofWise followed by the slow addition of a solution of lithium hydroxide (0.019 g, 
0.446 mmol; 1.2 equiv.) in water (350 pi)- The resulting mixture is stirred at 0**C for 1.5 h. 
The basic reaction mixture is quenched with Amberlite IR-120 resin (H*) to pH 4-5 at 0^*0. 
The resin is filtered off and rinsed with EtOAc. The mixture is concentrated to remove THF. 
and then taken up in EtOAc. The aqueous layer is separated, and the organic layer dried 
over anhydrous Na2S04, filtered, and concentrated to give an opaque oil which is purified by 
PC (CH2Cl2:acetone = 4:1 then acetone: methanol =99:1) to yield the title compound A-7 as 
acoloMessoil. 

1H NMR (DMSO-de, rotamers): 5 11.2 (s, 1H). 8.20 (s, 0.2H). 7.95 (s, 0.8H), 7.33-7.41 (m, 
5H). 4.87 (s, 2H), 3.71 (bs. 2H). 2.50 (bs, 1H), 1.35-1.45 (m. 2H), 1.14-1.28 (m. 4H), 0.857- 
0.813 (t, J = 13.1 Hz. 3H). ES-I^S: calcd. For C15H21NO4 (279.33); found: 278.5 (M-HJ. 302.5 
[M+Na]. 

Step 7: 1-{2-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrroiidine-2-carboxylic 
acid amide 

To a solution of compound A-7 (0.190 g, 0.680 mmol, 1 equiv.) in dry dioxane (4 ml) at rt 
under nitrogen.is added ^successively Hunig's base (391 pi. 2.24 mmol, 3.3 equiv.). amine A- 
8 (0.748 mmol, 1.1 equiv.) and HAtU (0.284 g. 0.748 mmol, 1.1 equiv.). The resulting 
mixture is stinred at rt for 22 h. The mixture is partitioned between EtOAc and 10% citric add. 
The organic layer Is washed with brine and saturated NaHCOa, dried over anhydrous 
Na2S04, filtered, and concentrated. The residue Is purified by FC (CH2Ci2:acetone = 3:1) to 
give the title compound as a coloriess oil. 
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Step 8: 1-{2-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine^%arbo^^^ acid 
amide (A-9) ^ 
Pd-C (0.059 g, 0.1 equiv.) is added to a solution of above compound (0.550 mmol, 1 equiv.) 
in a 1:1 EtOAc/ethanol solution (12iml) under nitrogen. The mixture is stirred under liydrogen 
atmospliere for 36 li. The catalystis removed by filtration through a pad of Celite. Tli^ filtrate 
is concentrated, and the residueMs purified by preparative TLC (CI-l2Cl2:acetone ^:1) to 
give the title compound as an amo^hous solid. <^ 

.:v ■ I* 

General Procedure B ; Synthesis of 1-{2(R)-[(fonnylhydroxyamino)-methyl]-alkanoyl}- 
pyrrolidlne-2(S)-carboxylate ester 



61 



1) /HATU 
R A-IO ^ H n N^"^ 



Bnb^ 



, 1 OH _ "Y^^rV^ 

il 2^KL. Pd/C O O Jl 



o 2)H,.Pd/c o o^^^ 

A-7 A-11 

X = CH2,S 
n = 0,1,2 

X = CH2, -S-. -CH(OHh -CH(OR)-, rCH{SHK -CH(SR)-, -CFj-, -C=N(OR)- or -CH(F)-; n = 0 to 3 

Step 1: 142-[(ben2yIoxy-formyl-amino)-methyl]-hexanoyl}-pyiTolldlne-2-cari:£Oxyli^ 
acid ester 

To a solution of compound A-7 (0.680 mmol, 1 equiv.) In dry dioxane (4 ml) at rt under 
nitrogen Is added successively Hunig's base (391 pi, 2.24 mmol, 3.3 equiv.), amine A-10 
(0.748 mmol, 1.1 equiv.) and HATU (0.284 g, 0.748 mmol, 1.1 equiv.). Usual work-up and 
purification provides tlie title compound. 

Step 8: 1{2-[(formyl-hydroxy-amino)HTiethyl]-hexanoyl}*pyrrplidine-2-carboxyl3^ acid 
ester (A-11) 

Pd-C (0.059 g, 0.1 equiv.) is added to a solution of above compound (0.550 mmol) in a 1:1 
EtOAc^etlianol solution (12 ml) under nitrogen. The mixture is stirred under hydrogen 
atmosphere for 36 h. By following the same procedure as disclosed above, the title 
compound is obtained. 
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Example 1 : 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}*pyrrolidine-2-S-'carbo- 
xylic acid pyridin-2-ylamlde 

The title compound is prepared according to General Procedure A from 2-[(ben2yIoxy- 
formyl-amino)-^ethyll-hexanolc add A-7 (R=n-butyl) and ^pyrrolidine-2-carboxyHc add 
pyrldin-2-ylan3!de A-8 (X = CH2, n = 1 . Ri = 2-pyridyl). 

1H NMR (DMSO-de): 5 10.7 (s, IH), 9.89 (s. 1H). 8.50-8.44 (mS^H), 8.23-8.17 (m, 1H), 7.97- 
7.92 (m, 2H);?^.29-7.26 (m. 1H), 4.83-4.71 (m, 1H). 3.91-3.51^m, 4H), 3.30-3,15 (m, 1H), 
2.46-1.83 (m,: 4H), 1.52-1.31 (m, 6H), 1.11-0.93 (m, 3H). Ef^MS: calcd. for C1BH26N4O4 
(362.42); found: 363.6 [M+H], 385.5 [M+Na]. % 

Preparation of pyrrolidine-2-S-carboxylIc acid (i>yrfdfn-2*yl][Kamlde A-8 (X = CH2, n = 1, 
RiB2-pyridy!) | 
2-S-(pyridin-2-ylcaii>amoyl)-pyrrolid|ne-1-carboxyllc acid betizyl ester 

A solution of 2-S-(chlorocarbonyl)-pynrolidine-1rcarboxyllc aci^d benzyl ester (5.0 g, 18.7 
mmol. 1 equiv.) in pyridine (40 ml) Is cooled to 0^*0 under nitrogen. 2-Aminopyridine (5.27 g. 
56.0 mmol, 3 equiv.) In pyridine (10 ml) Is added dropwise. TheiijBSulting mixture is stirred at 
rt for 4 h, then concentrated. The lesidual oil is dissolved in EtOAc and washed successively 
with water, 10% citric add, saturated NaHCOa, and brine. The;Qrganic layer is dried over 
anhydrous Na2S04, filtered, and concentrated to give the title compound as an opaque solid. 
1H NMR (DMSO-de): 5 10.8-10.7 (d, J = 15,6 Hz, 1H), 8.51-8.49 (m, 1H). 8,29-8.24 (m, 1H). 
8.01-7.93 (m, 1H). 7.57-7.48 (m, 3H), 7.40-7.25 (m, 3H), 5.31-.22 (m, 2H), 4.76-4.68 (m, 
1 H), 3.72-3.58 (m, 2H), 2.50-2.31 (m. 1 H). 2.14-1 .95 (m, 3H). 
Pyrroiidine-2-S-carboxylic acid (pyridin-2-yl) amide hydrobromic acid salt 
A solution of above compound (4.21 g. 13.0 mmol, 1 equiv.) in AcOH (65 ml) at rt is treated 
with HBr (5.7M. 33% in AcOH. 110 ml, 649 mmol. 50 equiv.). and the mixture is stinted at rt 
for 2 h. Charging the reaction mixture with excess diethyl ether and cooling to 0**C for 30 min 
gives a solid which is collected by filtration and dried in vacuo to afford the title compound as 
a brownish powder. - ^ 

1H NMR (DMSO-de): 5 11.3 (s, 1H), 8.89 (bs, 1H). 8.57-8.5 (m, 1H), 8.24-8.22 (m. IN), 8.08- 
8.03 (m, 1H), 7.40-7.36 (m, 1H). 4.61 (bs. 1H). 3.47-3.45 (m, 2H). 2.65-2.55 (m, 1H), 2.21- 
2.07 (m, 3H). ES-MS: calcd. for CioHi3N30*2HBr (353.05); found: 1 92.4 [M+HJ free base. 

Example 2; 1-{2«R-[(formyI-hydroxy-amino)-metiiyl]-liexanoyl}-pyrrolidine-2-S-carbo- 
xylicacid-(3-methyl-pyridin-2-yl)-amide 
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The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyn'olidine-2-carboxyllc acid (3- 

metiiyl-pyridin-2-yl)-amide A-8 \X = CH2;rn = 1, Ri = 2-(3-methyl)pyridyll. A-8 is prepared 

from 2-ciilorocarbonyl-pyrrolidine-1-carbp?(ylic acid benzyl ester and 3-picoline as deSbribed 

for the synthesis of pyrrolidine-2-carboxylj.c acid pyridin«2-yl-amide (hydrobromic acid^Salt) In 

Example 1 . ^ 

1H NMR (DMSO-de): a 8.45-8.42 (m. 1H)f^;3-7.8 (m, 1H). 7.4-7.36 (dd. 1H), 4.7 (bs. ffel), 3.8 

(m, 4H). 3.15-3.3 (m, 1H). 2.37-2.3 (bs. 2.12 (bs, 4H). 1.65-1.43 (m. 6H), 1.03-1^:(d. J = 

6.2 Hz, 3H). ES-MS: calcd. for Ci9H28N40l(376.45); found: 377.7 [M+H]. 

% ' . ■ ^ • ■ 

Example 3 : 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolldine-2-S-^arbo- 

xyiic acld-(6-methyl-pyridin-2-yl)-amide^ 2 

The title compound is prepared accordipg to General Procedure! A from 2-[{beiTzyloxy- 
fonniyl-amino)-methyl]-hexanoic acid A-7^;(R=n-butyl) and pyrrolidine-2-carboxylic acid (6- 
methyl-pyridin-2-yl)-amide A-8 (X = CH2, h = 1, Ri = 2-(6-methyl)pyridyl). A-8 is prepared 
from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 6-picoline as described 
for the synthesis of pyrrolidine-;2-carboxyljc add pyridin-2-yl-amide (hydrobromic add salt) In 
Example 1 . • 

1H NMR (DMSO-de): 8 8.04-7.8 (m, 1H), 7.2-7.12 (d. J = 7.42 Hz. 1H), 4.75-4.73 (d. J = 4.4 
Hz. 1H), 3.85-3.71 (m, 4H). 3.21 (bs, 1H), 2.58 (bs, 3H), 2.3-2.1 (m, 4H), 1.67-1.42 (m, 6H), 
1.06-1.04 (d, J = 6.3 Hz, 3H). ES-MS: calcd. for C19H28N4O4 (376.45); found: 377.7 [M+H]. 

Example 4: 1 -{2-R-[(f ormyl-hydroxy-amino)-methyi]-hexanoyl}-pyrrolidine-2-S-carbb- 
xyilc acid-(4-methyl-pyrldln-2-yi)-annide 

The title compound is prepared according to General Procedure A from 2-[(ben2yloxy- 

foniiyl-amino)-methyl]-hexanoic add A*-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (4- 

methyl-pyridln-2-yl)-amlde A-8 (X = CHz, n = 1. Ri = 2-(4-methyl)pyridyl). 

1H NMR (DMSO-de): § 8.35-8.34 (d, J = 4.67 Hz, 1H). 8.08-7.98 (d, 1H), 4.75-4.73 (d, J = 

4.67 Hz, 1H), 4.74 (bs, 1H), 3.73 (bs, 2H), 3.52 (bs, 2H), 2.49 (bs, 3H), 2.27-2.05 (m, 4H), 

1.66-1.46 (m, 6H), 1,05 (bs, 3H). ES-MS: calcd. for C19H28N4O4 (376.46); found: 377.7 

[M+HJ. 

A-8 Is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic add benzyl ester and 4- 
picoline as described for the synthesis of pyrrolidine-2-carboxylic add pyndin-2-yl-amide 
(hydrobromic add salt) in Example 1. 
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2-S-(4-methyl-pyridin-2-ylcarbamoyl}-pyrrolidine-1-carboxyiic acid benzyl ester 
1H NMR (DMSO-de): § 8.33 (bs, 1H), 8.17-8.13 (m, 1H), 7.81-7.77 (m, 1H).7.6-7.3 (m. 4H), 
5.9-5.11 (m. 2H). 4.72-4.66 (m, 1H), 3.68-3.61 (m. 2H), 2.44 (bs^3H). 2.34-1.98 (m, 4H). ES- 
MS: calcd. for CigHa^NgOg (339.39); found: 340.6 [M+H]. 

. Pyrrolidine-2-S-carbpxylic acid (4-methyl-pyridin-2-yl) amide hydrobromic acid salt 

1H NMR (DMSO-dejSS 8.45-8.43 (d, 1H, J = 5.2 Hz), 8.03 (bs, tH), 7.29-7.28 (d, J == 5.2 Hz, 
IN), 4.64 (bs. 1H)'^.47 (bs, 2H), 2.63 (bs. 3H), 2.56-2.07 (m, 4H). ES-MS: calcd. for 
CiiHisNaO (205. 12)#und: 206.4 [M+HJ. 

Example 5: 1 -{2-R<{(formyl-4iydroxy-amino)-methyl]-hexanoyl}-pyrrolldlne-2-S-carbo- 
xyiic acid-(54luoro^yrldin-2-yO-amide 

The title compoundgis prepared according to General Proc^ure A from 2-[(benzyloxy" 

fonmyl-amino)-methyg-hexanolc add A-7 (R=n-butyl) and pyrrolldlne-2-carboxylfc add (5- 

fluoro-pyridin-2-yl)-amide A-8 (X = CH2, n = 1. Ri = 2-{5-fluoro)pyridyl). 

1H NMR (DMSO-d6)>§^ 8.51 -8.44 (m, 1H), 8.3-8.25 (m. 1H), 7.97-7.88 (m, 1H), 4.75 (bs. 1H). 

3.82-3.72 (m, 2H), 3^61-3,52 (m. 2H), 3.21 (bs, 1H), 2.7-2.68 (m. 4H), 2.3-1.45 (m. 6H), 1.04 

(d. 3H). ES-MS: calbcl.^for C18H25FN4O4 (380.42); found: 381 .7 [M+H], 

A-8 is prepared from 2-chlorocarbonyl-pyrroIldine-1-carboxylic add benzyl ester and 5- 

fluoro-pyrldin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxylic acid 

pyridin-2-yl-amlde (hydrobromic acid salt) in Example 1. 

Pyrrolicllne-2-S-carboxylic acid (5-fluoro-pyridin-2-yl) amide hydrobromic acid salt 

1H NMR (DMSO-de): § 8.58-8.57 (d, J = 3.02 Hz, IH), 8.3-8.25 (m. 1H), 8.05-7.83 (m, 1H). 
4.62-4,59 (d, J = 7.87 Hz, 1H), 3.46 (bs, 2H), 2.69-2.55 (m, 1H), 2.21-2.06 (m, 3H). ES-MS: 
calcd. for C10H12FN3O (209. 1 ); found: 21 0.4 [M+H]. 

Example 6 ; 1 K2-R-[(formyl-hydroxy-amIno)-methyl]-hexanbyl}-pyrrolIcline-2-^K:ail30- 
xylic acid-(5-methyl-pyridin-2-y|)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amino)-methyl]-hexanoic add A-7 (R=n-butyl) and pyrroIfdine-2-carboxylic add (5- 
methyl-pyridin-2-yl)-amide A-8 (X = CH2, n = 1, Ri = 2-(5-methyl)pyridyl). 
1H NMR (DMSO-de): § 7.95-7.92 (d, J = 8.52 Hz. 1H), 7.78 (bs, 1H), 7.6-7.58 (m. 1H), 4.55 
(bs, 1H), 3.88-3.54 (bs, 2H), 3.33-3.29 (bs, 2H), 3.1-2.9 (m, 1H). 2.24 (bs, 3H). 2.11-1.87 (m, 
4H), 1.48-1.26 (m. 6H), 0.87-0.85 (d, 3H). ES-MS: calcd. for C19H28N4O4 (376.46); found: 
377.7 [M+HJ. 
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-A-8 is prepared from 2-chlorocarbonyl-pynrolidine-1-carboxylic acid benzyl ester and 5- ^- 
7nethyl-pyridin-2-ylamine as described for the synthesis of pyrrolidlne-2-carboxylic add ^ 
:pyridine-2-yl-amide (hydrobromic acid salt)yn Example 1 / 

^2-S*(5-methyl--pyrid!n'-2-ylcarbamoyl)-pyrrplidine-1-carboxylic acid benzyl ester ^ 

&tH NMR (DMSO-de): § 8.36-8.35 (d, J = 4^7 Hz. 1H), 8.12 (bs, 1H), 7.57-7.14 (m, 5H). 5.3-^ 
r&ll (m. 2H). 4.74-4.68 (t. J = 9.34 Hz, iMf. 3.7-3.62 (m. 2H). 2.5 2 (bs, 3H), 2.41-2.06 (m.-^? 
mi), ES-MS: calcd. for C19H21N3O3 (339.39)>found: 340.6 [M^ H]. 

^I?yrrolldine-2-S-carboxylIc acid (5-methylrpyridin-2-yl) amide hydrobromic acid salt ^ 
Uh NMR (DMSO-de): § 8.45-8.43 (d, 1H, J = 5.2 Hz), 8.03 (bs. 1H). 7.29-7.28 (d. J = 5.2 Hz, P 
-1H), 4.64 (bs. 1H), 3.47 (bs, 2H), 2.63 (bs. 3H), 2.56-2.07 (m, 4H). ES-MS: calcd. fcrj ^" 
^^iiHisNaO (205.12); found: 206.4 [M+H], '5 

"5 • :*r . ■ £m 

^Example 7 : 1 42-R-[(formyl-hydroxy-^mino}-methyi]-hexanoyi}*pyiTolldln6*2-S-carbo-^ | 
:^xylic acid-(6-«thyl-pyrIdin-2»yl)-amfde ^ . . || 

-TThe title compound Is prepared according to General iProcedure A from 2-[(benzyloxy- l^: 
vformyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and pyrrolidine-2-carbo)ylic add (6- 
^ethyl-pyridin-2-yl)-amide A-8 P< = CH2, n = 1. Ri = 2-(6-ethyl)pyridyl]. ? V 

1H NMR (DMSO-de): 5. 8.06-7.83 (m, 2H). 7.17-7.14 (d. J = 7.69 Hz, 1H), 4.77 (bs, 1H), 
3.83-3.78 (m, 2H), 3.58-3.32 (m, 2H), 3.05 (bs, 1H), 2.87-2.83 (m. 2H), 2.3-2.07 (m, 3H), 
1.65-1.38 (m, 1 0H). 1.04 (bs. 3H). ES-MS: calcd. for C20H30N4O4 (390.48); found: 391.4 
[M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 6-ethyl- 
pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxylic acid pyridine-2-yl- 
amide (hydrobromic acid salt) in Example 1 . 

Pyrrolidlne-2-S-carboxyiic acid (6-ethyl-pyridin>2-ylamide (hydrobromic acid salt) 
1H NMR (DMSO-de): § 8.07-7.94 (m. 2H), 7.27-7.25 (d, J = 7.42 Hz, 1H). 4.61 (bs, 1H), 3.46 
(bs. 2H). 2^93-2.85 (m, 2H). 2.61-2.56 (m, 1H), 2,18-2.09 (m. 3H), 1.44-1.39 (m. 3H). ES- 
MS: calcd. for CiaHiyNgO (21 9.1 ); found: 220.2 [M+H]. 

Example 8: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidlne-2-^-carbo* 
xylic acid-(5-trifluoromethyl-pyridin-2-yl)-amide 

The title compound Is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amino)-methyl]-hexanoic add A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (5- 
trifluoromethyl-pyrid[n-2-yl)-amide ArS pc = CH2, n = 1, Ri = 2-(5-trifluoromethyl)pyridyl]. 
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1H NMR (DMSO-da): a 8.45-8.35 (m. 2H). 7.98 (bs. 1H). 4.8-4.78 (d, J = 4.4 Hz, 1H). 3.84- 
3.73 (m, 2H), 3.54 (bs, 2H), 3.2 (bs, 1H), 2.34-2.1 (m, 4H), 1.65-1.46 (m. 6H). 1.05 (bs, 3H). 
ES-MS:calcd. for C19.H25F3N4O4 (430.43); found: 431.3 [M+H]. '-^^^ 
A-8 is prepared frorrv 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 5- 
trifluoromethyl-pyridici--2-ylamine as described for the synthesis of pyrrolidine-2-carboxylic 
acid pyridine-2-yl-amide (hydrobromic acid salt) in Example 1 . •'S: 
Pyrrolidine-a-Srcarb^xylic acid (5-trifluoromethyl-pyridin-2-ylamide^(fiydrobromic acid 
salt) 4- 

1H NMR (DlVISO-de)^:^ 8.98 (bs. 1H), 8.49-8.40 (m, 2H), 4.67 (bs, 1 H)i'^3.49-3.47 (d, 2H), 
2.64-2.57 (m, 1H), 2/^2-2.09 (m, 3H). ES-MS: calcd. for CiHiaFaNgO (2S9.1); found: 260.2 
[M+H]. * 

Example 9: 1 -{2-R^[(formyl-hydroxy<imino)-methyl]-hexanoyl}-pyr^iidine»2«-S^^ 
xylic acid-(6-fluoro-pyriclin-2-yl)-ainide y^"- 

The title compound -is prepared according to General Procedure A from 2*[(benzyloxy- 

formyl-amino)-methyl]-hexanoic acid A-7 (R-n-butyl) and pyrrolidlne-2-carboxyllc add (6- 

fluoro-pyridin-2-yl>-amide A-8 pc = CH2, n = 1, Ri = 2-(5-trifluoromethyl)pyriclyl]. 

1H NMR (DMSO-de): 5 8.14 (bs, 1H), 8.04-7.97 (m, 1H), 7.04-7.02 (m, 1H). 4.70 (bs, 1H), 

3.85-3.78 (m, 2H), 3.72-3.47 (m, 2H); 3.24 (bs, 1H), 2.3-2.06 (nn, 4H), 1:64-1.45 (m, 6H), 

1 .04 (d, 3H). ES-MS: calcd. for C18H25FN4O4 (380.42); found: 381 .3 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 6- 

fluoro-pyridin-2-ylamlne as described for the synthesis of pyrrolidine-2-carboxylic acid 

pyridine-2-yl-amlde (hydrobromic acid salt) in Example 1. 

(6-fluoro-pyridin-2-yi)-(4-methoxy-benzyl)-amine 

To a solution of 2,6-di-fluoro-pyridine (2.2 g, 1 equiv.) in DMF (20 ml) is added 4-methoxy- 
benzylamine (5.6 g, 2.2 equiv.) and potassium carbonate (12 g, 4.4 equiv.). After heating at 
SO^'C for 16 h, the solution is cooled to rt and filtered through Calite. The filtrate is 
concentrated under reduced pressure. The residue Is purified by silica gel column 
chromatography using a gradient of hexane:EtOAc (19:1->4:1) to give the title compound. 
1H NMR (CDCI3): 5 7.49-7.41 (dd, J = 7&8 Hz, 1H), 7.24-7.28 (m, 2H), 6.90-6.85 (m. 2H). 
6.19-6.13 (m, 2H), 4.40 (d, J = 6 Hz, 2H), 3.80 (s, 3H). ES-MS: calcd. for C13H13FN2O 
(232.25); found: 233.4 IM+HI. 

2-S-<6-fluoro-pyrldln-2-yl-carbamoyl)-pyrrolidine-1 -carboxylic acid benzyl ester 
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2-chlorocarbonyl-pyrrolidine-1-carboxyIic acid benzyl ester and {3-fluorophenyl)-(4-methoxy- 
ben2yl)-amine is reacted to give amide intermediate as described for the synthesis of 2-S- 
(pyridin-2-yl-carbamoyl)-pyrrolidine-1-carboxylic acid benzyl ester in Example 1. This inter- 
mediate is treated with 90% aq. TFA to give the titi^compound. 

m NMR (CDCI3): 5 8.06 (d, J = 8.2 Hz, 1H), 7.82-7^4 (dd. J = 8 Hz. 1H), 7.38-7.26 (m, 5H), 
6566 (d, J = 7.5 Hz, 1H), 5.30-5.18 (m, 3H), 3.60-3?i59 (m, 2H). 2.05-1.92 (m. 4H). ES-MS: 
calcd. for CisHis FN3O3 (343.35); found: 344.3 [M+^p 

Pyrrolidine-2-S-carboxyiic acid (6-fluoro-pyridin^i-yl) amide hydrobromic acid salt 
Title compound is prepared from above intermediate as described for tiie synthesis of 
ri»\^rrolidine-2-carboxylic acid pyridine-2-yI-amide (hydrobromic acid salt) In Example 1 • 
1H NMR (DMSO-de): § 7.4-7.3 (m, 1H), 6.21-6.17 (ni, 1H), 4.88-4.87 (d, 1H), 3.86 (bs, 1H). 
2L89-2.69 (m, 2H). 1.99-1.91 (m. 1H). 1.58-1.45 (in. 3H). ES-MS: calcd. for C10H12FN3O 
(209.1); found: 242.3 IM+K|. * 

Example 10: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-^-cai^ 
xylic acid-<4,6-dj-methyl-1<>xy-pyrldln-2-'yl)-amide^ 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 {R=n-butyl):and pyrrolidine-2-carboxylic acid (4,6- 
di-methyl-1-oxy-pyridin-2-yl)-amide A-8 pc = CHsr n = 1, Ri = 2-{4,6-di-methyl-1-oxy)-pyridyl]. 
1H NMR (DMSO-de): 5, 8.29 (bs. 1H). 7.99 (bs, 1H), 7.24 (bs. 1H). 4.86^.83 (d, J = 7.692 
Hz. 1H). 3.82-3.70 (m. 2H), 3.53-3.5 (m, 2H). 3.24 (bs, 1H). 2.57 (bs. 3H). 2.47 (bs, 3H). 2.3- 
2.12 (m, 4H). 1.97-1.43 (m, 6H), 1.01 (bs, 3H). ES-IVIS: calcd. for C20H30N4O5 (406.48); 
found: 407.3 [M+H]. 

PyiTolidine-2-S«carboxylic acid (4,6-dl-methyM-cxy-pyridln-2-yl) amide hydrobromic 
acid salt 

2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 4,6-di-methyl-pyridin-2- 
ylamine is reacted to give amide intermediate as described for the synthesis of 2-*S-(pyridin- 
2-yl-carbamoyl)-pyrrolidine-1-carboxylicadd benzyl ester in Example 1. This intermediate on 
oxidation with l\^CPBA followed by treatment with HBr-AcOH provides the title compound. 
1H NMR (DlWISO-de): 5 8.2-8.19 (d. J = 1.92 Hz. 1H). 7.34-7.33 (d. J = 1.92 Hz, 1H). 4.98- 
4.96 (d. J = 9.87 Hz. 1H). 3.48-3.46 (d. J = 6.49 Hz. 2H). 2.60 (bs, 4H). 2.55 (bs, 3H), 2.2- 
2.09 (m, 3H). ES-MS: calcd. for C^JH^yN^ (235.13); found: 258.3 (IW+NaJ. 
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Example 11 : 1H2-R-[(formy|-hydroxy-amino)-methyl]-hexanoyl}-pyrrplidine-2-S-carbo- 
xyllc acid-(4-methyl-1-oxy-pyridin-2-yl)*amide 

The title compound is prepared according to General Procedure A frojn 2-[{benzyloxy~ 
formyl-amino)-methyl]-hexanojp acid A-7 (R=n-butyl) and pyrrolidine-2-Garboxylic add (4- 
methyl-1-oxy-pyrklln-2-yl)-amge [X = CHa, n = 1, R, = 2-{4-methyl-1-o)^)-pyridyl]. 
1H NMR (DMSO-de): § 8.45-8J2 (d. J = 6.32 Hz, 1H), 8.3 (bs. 1H), 7.17-7^s|5 (d. J = 6.7 Hz. 
1H), 4.91-4.89 (d, J = 7.42 »^1H). 3.87-3.66 (m, 2H), 3.53 (bs, 2H), 3.2^bs, 1H). 2.5 (bs. 
3H), 2.34-2.33 (d. J = 4.5 Hz,JH), 2.13-2.12 (d, J = 3.3 Hz, 2H), 1.68-1.45Km. 6H). 1.02 (bs, 
3H). ES-MS: calcd. for Ci9H28^406 (392.46); found: 393.3 [M+Hl. . Tj; 
Pyrrblidine-2-S-carboxylic ^pfd (4-inethyl-1-oxy<i>yrfdin-2-yl) amide hydrobromic acid 

■ 4 . . . ■ ^ 

2-chlorocarbonyl-pyrrolidine-lTbarboxylic add benzyl ester and 4-methyl-pyridin-2-ylamine is 
reacted to give amide intermediate as described for tlie synthesis of '^-S-(pyiidin-2-yl- 
carbamoyl)-pynrolkline-1-carbo)^Hc add benzyl ester in Example 1. Tiiis intermediate on 
oxidation witii MCPBA followed^y treatment with HBr-AcOH provides the title compound. 
1H NMR (DMSO-de): § 8.54-8.^3 (d, J = 6.6 Hz. 1H). 8.32-8.315 (d, J = 2.2 Hz, 1H). 7.31- 
7.28 (m, 1H), 4.98-4.96 (d, J>=s6.77 Hz. 1H). 3.48-3.46 (d. J = 4.39 Hz, 2H), 2.62-2.54 (m, 
4H). 2.2-2.07 (m. 3H). ES-MS: calcd. for diHisNsOa (221 .12); found: 222.3 [M+H]. 

Example 12; 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-azetidine-2-S-carboxy- 
llc acid-pyridln-2-ylamide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonnyl-amlno)-methyq-hexancic add A-7 (R=n-butyl) and azetidine-2-carboxylic add 
(pyridin-2-yl)-amide A-8 [X = CH2. n = 1. Ri = 2-pyridylJ. 

1H NMR (DMSO-de): g 10.74 (bs, 1H), 8.52 (bs. 1H). 8.29 (bs, 1H). 8.01 (bs. 1H). 7.32 (bs, 
1H). 5.11 (bs, 1H), 4.35 (bs, 1H), 3.75-3.55 (m, 4H), 2.71-2.44 (m. 2H), 1-46 (bs. 6H), 1.06 
(bs, 3H). ES-IWS: caiod. for C17H24N4O4 (3^8.40); found: 349.3 [M+HJ. 
A-8 is prepared from azetidine-1 .2-dicarboxylic add 1-tert butyl ester and pyridin-2-ytamine 
as described belchv. 

2-S-(pyridin-2-ylcarbamoyl)-azetidine-1-carboxylIc acid tert butyl ester 

Boc-protected azetidine cariboxylic add is prepared by reading the free anrvno add with Boo- 
anhydride In the presence of NaHCOa, THF:water (1:1 y/v). The proteded amino add is 
coupled to 2-amino pyridine using HATU/DIEA/DMF to yield the protected amide, 
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1H NMR (CDCI3): § 8.52-8.49 (m. 2H). 8.02-7 96 (m. 1H). 7.32-7.28 (dd, 1H), 5.02-4.97 (t, J 

= 8.42 &8.24 Hz, 1H), 4.2-4.06 (m, 2H), 2.75-2.7 (t. J = 6.04 & 8.24 Hz. 2H), 1.73-1.63 (m, 

9H). ES-MS: calcd. for C14H19N3O3 (277.32); found: 2^^ 

Azetidiher2-S*carboxyiic acid pyridin-2-yl-amide'iiydrochloric acid salt 

The protected amide is treated with 4.0M HCI-dioxari^ to give HCI salt of A-8: 

1H NMRStDMSO-de): §8.56-8.54 (dd, 1H), 8.29-8^26 (d. J = 7.97 Hz, 1H), 8.10-8.05 (dd, 

1H), 7.4ili^7.37 (dd, 1H), 5.32 (s. 1H). 4.17-3.9 (m, 2H), 2.94-2.85 (m, 2H). ES-MS: calcd. for 

C9HiiN3Gi:i77.2); found: 178.4 [M+H]. ^ 

|- ... 

ExamplefiS: 1 -{2-R-[(formyl-hydroxy<imlno)-mejthyq-hexanoyl}i3yrrolldine-2'^ 
xylicacld-(4,6-di-methyNpyridin-2-yl)-amfde 

The title .compound is prepared according to Oe^nerai Procedure A from 2-{(benzyIoxy- 
fontiyl-anijino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrroHdine-2-carboxyIic add (4,6- 
di-methybpyridin-2-yl}-amide A-8 pc = CH2. n = 1, Ri = 2-(5-trifluoromethyl)pyridyil. 
1H NIVIR^(DIVISO-d6. rotamers): § 10.5 (s, 1H), 10:3 (?, 0.4H), 9.87 (s, 0.6H), 8.44 (s, 0.5H). 
7.97 (s, 0.5H), 7.89 (s, 1H), 6.98 (s, 1H), 4.74-4.72 (m, 1H), 3.84-3.45 (m, 4HX 3.32 (bs, 1H), 
2.54 (s. 3H). 2.43 (s, 3H), 2.29-2.05 (m, 4H), 1.64-1.46 (m, 6H), 1.11-0.925 (m. 3H). ES-MS: 
calcd. for C20H30N4O4 (390.48); found: 391 .4 [M+H]. 

Pyrrolidine-2-S-carboxylic acid (4,6-di-methyl-pyridin-2-yl) amide hydrobromic acid 
salt 

2-Chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 4,6-di-methyl-pyridin-2- 
ylamine are reacted to give amide intermediate as described for the synthesis of 2-S- 
(pyridin-2-yl-carbamoyl)-pyrrolidine-1-carboxylic acid benzyl ester In Example 1. This 
intermediate on with treatment with HBr-AcOH provides the title compound. 
1H NMR (DMSO-de): § 11.3 (s. 1H). 10.2 (bs. 1H). 7.87 (s, 1H), 7.17 (s, 1H), 4.61 (s, 1H). 
2.60 (s. 3H), 2.58 (bs, 1H), 2.50 (s. 3H), 2.17-2.06 (m, 3H). ES-MS: calcd. for 
Ci2Hi7N30*2HBr (21 9.28); found: 220.5 [M+H] free base. 

Example 14; Syntliesis of 1-{2-R-[(fomiyl-hydroxy-amlno)-metiiyl]-hexanoyl}-pyiTo- 
ildine-2-S-carboxyiic acid-(4-ethyl-f>yridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy" 
fonnyl-amlno)-methyll-hexanoic acid A-7 (R^n-butyl) and pyrrolidine-2-carboxylic add (4- 
ethyl-pyridin-2-yl)-amide A-8 [X = CH2, n = 1 , Ri = 2-(4-ethyl)pyridya. 
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1H NMR (DMSO-ds, rotamers): § 10.6 (bs. 1H), 10.23 (s, 0.4H), 9.87 (s. 0.6H), 8.38-8.36 (m. 
1H). 8.12 (bs, 1H), 7.99 (bs, 1H), 7.16-7.14 (m, 1H), 4.75 (bs. 1H), 3.75 (bs, 4H)} 3.20 (bs, 
1H), 2.82-2.75 (q, J = 7.56H2i: 2H). 2.05 (bs, 4H), 1.65-1.45 (m. 6H). i.38-ll33 (t, J = 
7.66Hz, 3H). 1.04 (bs. 3H). ESf'MS: calcd. for C20H30N4O4 (390.48): found: 391.4 [T&i+H]. 
A-8 is prepared from 2-chloroGarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 4-ethyl- 
pyridin-2-ylamine as describedifor the synthesis of pyrrolidine-2-carboxyllc acid pyi-icline-2-yl- 
amide (hydrobromic acid salt) m Example 1 . .0 ■ 

2-S-(4-ethyl-pyridln-2-ylcarbarnoyl)-pyrrolidine-1-carboxylic acid benzyl estei€ 
1H NMR (DMSO-ds): § 10.8-10.7 (d, J = 15.1 Hz, 1H). 8.39-8.36 (M, 1H), 8.16 (S.flH), 7.57- 
7.25 (m, 5H), 7.18-7.17 (m. iHl), 5.27-5.25 (m, 2H). 4.74-4.68 (m. 1H), 3.68-3.61 (m, 2H), 
2.83-2.77 (q, J = 6.50 Hz, 2H)' 2.43-2.29 (m. 1H), 2.13-1.98 (m, 3H), 1.40-1.35 |, J = 7.55 
Hz. 3H). ES-MS: calcd. for C20H23N3O3 (353.42); found: 354.2 [M+H]. c 
PyiTolidine-2-S-carboxylic acid (4-ethyl-pyridfn-2-yl)-amide hydrobromic acIcTsatt 
IN NMR (DMSO-de): § 11.43 K 1H), 8.47-8.45 (m. 1H). 8.24 (bs. 1H), 8.08 (s\h). 7.33- 
7.30 (m. 1H), 4.64 (s. 1H). 3.49-3.47 (m. 2H), 2.89-2.82 (q. J = 7.51 Hz. 2H), 2.^2.55 (m, 
1H). 2.33-2.07 (m. 3H). 1.40-1.35 (t. J = 7.56 Hz, 3H). ES-MS: calcd. for Ci2Hi7.N30*2HBr 
(219,28); found: 220.3 [M+H] free base. r? 

Example 15 : 1-{2-R-[(forrnyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-'S-carbo- 
' xylic acid (3-hydroxy-pyriclin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomayl-amino)-methyl]-hexanoic acid A-7 (R=n-butyi) and pyrrolidine-2-carboxyl:c acid (3- 
ben2yloxy-pyridin-2-yl)-amide A-8 p< = CH2, n = 1, Ri = 2-(3-benzyloxy)pyridyl]. 
1H NMR (DMSO-de, rotamers): 5 10.94 (bs, 1H), 10.34 (bs. 1H), 9.88 (bs, 1H), 8.10 8.09 (m, 
1H), 7.99 (s, 1H). 7.49-7.47 (m, 1H), 7.37-7.33 (m, 1H), 4.85 (bs, 1H), 3.87-3.74 (m. 4H), 
3.21 (s. 1H), 2.29 (bs, 1H). 2.19-211 (m, 3H). 1.65-1.44 (m, 6H), 1.03 (bs, 3H). ES-MS: 
Acalcd. for C16H26N4O6 (378.42); found; 379.2 [M+HJ. 

A-8 is prepared from 2-chlorocarbonyl-pyn^olidine-1-carboxylic add benzyl ester and 3- 
benzyldxy-pyridin-2-yIamine as described for the synthesis of pyn-oiidine-2-carbGxyiic add 
pyridine-2-yi-amide (hydrobromic acid salt) in Example 1 . 

2-S-(3*benzyloxy-pyr[dln-2-ylcarbamoyl)-pyrrolidine-1-carboxyIic acid benzyl ester 
1H NMR (DMSO-de): 510.1-10.0 (d. J = 18.1 Hz. 1H). 8,21-8.16 (m. 1H), 7,73-7.40 (m. 
12H). 5.32-5.26 (m, 4H). 4.66-.4.64 (m. 1H), 3.67-3.54 (m, 2H). 2.38-2.23 (m, 1H), 2.06-1.93 
(m, 3H). ES-MS: calcd. for C25H25N3O4 (431 .48); found: 432.3 [M+H]. 
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Pyrroliciine-2-S-carboxylic acid (3-benzyloxy-pyridin-2-yl)>amide hydrobromic acid salt 
1H NMR PMSO-de): $10.9 (bs, 1H), 8.88 (s. 1H), 8.24-8.21 (m. 1H), 7.91-7.88 (m, 1H), 
7.68-7.51i-;(m, 6H), 5.42 (s. 2H), 4.71 (bs, 1H). 3.51-3.40 (m; -2H), 2.65-2.47 (m, 1H). 2.19- 
1.93 (m. 3H). ES-MS: calcd. for Ci7Hi9N302*2HBr (297.35); found: 298.3 [M+HJ free base. 
1<^2-R-[(l>enzyioxy-formyl-amino)-methyl]-hexanoy0^pyrro>Tldine-2-S-carboxylic acid 
(3-benzylbxy-pyridin-2-yl)-amide 

1H NMRr(DMSO-d6): 5 9.95 (bs, 1H), 8.42 (bs, 1H). 8.16-8.# (m, 2H), 7.76-7.39 (m, 10H), 
5.33 (bs,.2H). 5.06 (bs, 2H), 3.88-3.85 (m, 2H). 3.65-3.63 (r^f2H), 3.15-3.09 (m. 1H), 2.01- 
1.89 (m, 4H), 1.49-1.39 (m. 6H), 1.03-0.976 (m, 3H). ES-MS:-^lcd. for C32H38N4O5 (558.67); 
found: 55^.3 IM+HJ. ' 

. ' i; ' ■■ 

Example 16; 1 -{2-R-[(forinyl-hydroxy-amino)-methyl]-hex^noyl}-pyiTolldine-2-S-carbo- 
xylic acid isoquinolin-1-ylamide 

The title ,.com|X>und is prepared according to General Prpbedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanofc add A-7 (R=n-butyl) and;f pyrrolidine-2-cart)oxyiic add 
(isoquinolin-1-ylamide A-8 pC = CH2, n = 1, Ri = l-isoquinolihyQ; 

1H NMR (DMSOKie. rotamers): $ 10.78 (bs. 1H). 10.26 (s. 6.4H), 9.90 (s, 0.6H), 8.51-9.49 
(m. 1H). 8.29-8.26 (m. 1H). 8.17-8.14 (m, 1H). 8.03 (s. 1H). 7.98-7.91 (m, 2H), 7.79-7.74 (m. 
1H), 4.82 (bs, 1H). 3:20 (bs, 1H). 2.28-2.12 (m. 4H), 1.53-1.40 (m, 6H), 0.944 (bs, 3H). ES- 
MS: calcd. for C22H28N4O4 (412.48); found: 413.4 [M+HJ. 

A-8 is prepared from 2-chlorocarbonyI-pyrrolidine-1-carboxy!ic add benzyl ester and 1- 
amino-tsoquinoline as described for the synthesis of pyrrolidine-2-carboxyllc add pyridine-2- 
yl-amide (hydrobromic acid salt) in Example 1 . 

Pyrrolidine-2-S-carboxylic acid isoquinolin-1-yl) amide hydrobromic acid salt 
1H NMR (DMSO-de): §8.97 (bs, 1H), 8.72-8.68 (d, J = 8.241 Hz, 1H), 8.48-8.46 (d. J = 
6.044 Hz. 1H), 8.32-8.2 (t. J = 8.24 and 8.93 Hz, 1H). 8.18-8.15 (d, J = 7.98 Hz, 1H). 
8.07-8.0 (m. 1H), 4.92 (bs, 1H), 3.52 (bs, 2H). 2.4-2.31 (m, 1H), 2.23-2^1 (m, 3H). ES-MS: 
calcd. for C14H15N3O (241.12); found: 242.3 (M+HJ. 

1-{2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrGtidine-2-S-<::arboxylicacid 
isoquinolin-1 -ylamlde 

1H NMR (DMSO-de): § 10.8 (S, 1H), 8.50 (S. 1H), 8.49 (8. 1H), 8.28-8.25 (m, 1H), 8.16-8.14 
(m, 1H), 7.97-7.91 (m, 2H), 7.79-7.74 (m, 1H), 7.63-7.59 (m. 5H), 5.08 (bs, 2H), 4,81 (bs, 
1H), 3.90 (bs. 2H), 3.78 (bs, 2H), 3.14 (s, 1H). 2.35-2.26 (m, 2H), 2.19-2.10 (m, 2H), 1.51- 



wo 02/102790 PCT/EP02/06604 




1.36 (m, 6H). 0.946-0.901 (t, J = 6.87, Hz, 3H). ES-MS: calcd. for C28H34N4O4 (502.60); 
found: 503.4 [M+H]. . . 

Example 17; 1 -{2-R-[(formyl-hydroxy-]amino)-methyl]*hexanoyl}-pyiTOlidin^^ 
xylfc acid quinolin-3-ylamide ^ * 

The title compound is prepared accotding to General Procedure A from 2-[(tpnzyloxy- 
formyl-amino)-methyl]-hexanolc acid %7 (R=n-butyl) and pynrolidine-2-carboxyllc add 
qulnolin-3-yl-amide A-8 [X = CH2, n = IVR1 = 3-quinolinyl]. 

1H NMR (DMSO-de, rotamers): § 10.82^8, 1H), 10.25 (s. 0.3H), 9.98 (s, a7H). a|4 (s, 1H). 
8.61(s, 1H). 8.26-8.23 (m, 1H), 8.09-8.Q|(m, 1H), 7.99 (s, 1H), 7.92-7.87 (m. 1H),^|.74-7.79 
(m. 1H). 4.84 (bs, 1H), 3.83-3.72 (m. 4H), 3.24 (s. 1H), 2.25-2.10 (m, 4H), 1.67-1.48 (m, 6H). 
1.06 (bs, 3H). ES-MS: calcd. for C22H28N4O4 (412.48); found: 413.3 [M+H]. - 
A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 3- 
amino-quinoline as described for the synthesis of pyrroiidine-2-carboxylic acid pyridine-2-yl- 
amide (hydrobromic acid salt) in Example. 1. 

2-S-^quinolin-3-y)carbamoyl)-pyrrolidine-1-carboxylic acid benzyl ester 

1H NMR (DMSO-de): § 11.0-10.9 (d, J f 15.9 Hz, 1H). 9.34-9.33 (m. 1H), 8.66-8.65 (m, 1H). 
8.27-8.24 (m, 1H), 8.10-8.05 (m, 1H). 7.94-7.88 (m. 1H), 7.77-7.70 (m, 1H). 7.58-7.49 (m. 
2H). 7.41-7.39 (m, 1H), 7.29-7.17 (m, 2H). 5.28-5.27 (m. 2H), 4.82-4.74 (m, 1H), 3.76-3.64 
(m, 2H), 2.55-2.33 (m, 1H), 2.15-2.01 (m, 3H). ES-MS: calcd. for C22H21N3O3 (375.42); 
found: 376.3 [M+H]. 

Pyrrolidine-2-S-carboxylic acid quinolin-3-yl) amide hydrobromic acid salt 

1H NMR (DMSO-de): § 11.4 (s, 1H). 9.40 (s, 1H), 8.93-8.92 (bs. 1H), 8.63 (s, 1H), 8.30-8.28 
(s. 1H), 8.15-8.12 (s. 1H), 8.01-7.92 (m, 1H), 7.80-7.75 (m, 1H), 4.68-4.66 (m. 1H). 3.53-3.48 
(m. 2H). 2.66-2.59 (m, 1H), 2.26-2.09 (m. 3H). ES-MS: calcd. for Ci4Hi6N30*2HBr (241.29); 
found: 242.2 [M+H] free base. 

1-{2-R-((benzyloxy-fonnyl-amino)Hmethyl]-hexanoyl}-pyrrolidlne-2-S-carb^ 
quinolln-3-ylamlde 

1H NMR (DMSO-de): § 10.82 (bs, IN), 9.33 (bs, 1H), 8.60 (bs, 1H), 8.42 (bs. 1H), 8.25-8.22 
(m, 1H), 8.08-8.05 (m. 1H). 7.91-7.86 (m. 1H), 7.73-7.69 (m, 1H), 7.63 (bs. 5H). 5.07 (bs, 
2H). 4.84 (bs, 1H), 3.92-3.82 (m, 2H). 3.76-3.67 (m. 2H). 3.14(bs. 1H), 2.33-2.17 (m. 2H). 
2.12-2.06 (m, 2H), 1.67-1.45 (m, 6H). 1.04 (m, 3H). ES-MS: calcd. for C20H34N4O4 (502.60); 
found: 503,4 [M+H]. 
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Example 18: 1H[2-R-[(formyl-hydroxy-amino)-methyi]-hexanoyl}-azetidine-2-S-carboxy- 
lic acid^-methyl-pyridin-2-ylamide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-metrtyl]-hexanolc acid A-7 (R=n-butyl) and a2etidine-2-carboxylic acid (4- 
methyl-pyridln-2-yJ)ramide A-8 [X = CH2, n = 1. Ri = 2-(4-Me-pyridyl)]. 

1H NMR (DMSO^^e): §8.36-8.35 (d. J = 4.12 Hz, 1H), 8.14^;03 (d, J = 23 Hz/lH). 7.16- 
7,15 (d, J = 3.85 jz. 1H), 5.06 (bs, 1 H), 4.39-4.30 (m. 2H), 3:75-3.72 (d. J = 7.42 Hz, 1H), 
3.53 (bs. 2H), 2.||(bs, 3H). 2.41 (bs, 2H), 1.44 (bs. 6H), 1.03 (bs. 3H). ES-MS: calcd. for 
C18H26N4O4 (362 %); found: 363.3 [M+HJ. 

A-8 is prepared frqm azetldine-1,2-dlcarboxylic acid 1-tert butyl ester and 4-methyi-pyridin-2- 
ylartiine as describred below. 

AzetldIne2*S-(4-methyl*pyrldin-2-ylcarbamoyl)amide 

The N-Boo protecfed amino add is coupled to 2-amino pyridine using HATU/DIEA/DMF to 
yield the protectedtamlde. The protected amide Is treated with 4.0M HCI-dioxane to give HCI 
salt of A-8. 

1H NMR (DMSO-ag: S 8.41 (bs. IN). 8.17-8.14 (d, J = 8.24 Hz. IN). 7.99-7.96 (d, J = 8.24 
Hz. 1H). 5.33 (bs; iVl), 4.2-4.12 (m. 1H). 3.99-3-95 (m. 1H), 2.93-2.84 (m. 2H), 2.47 (s. 3H). 
ES-MS: calcd. for CioHisNaO (191.11); found: 192.3 [M+H]. 

Example 19: 1 -{2-R-[(f orjf)yl-hydroxy-amino}*methyl]-hexanoyl}-azetidine-2-^K:arbc^ 
xyiic acid-5-methyl»pyridin-2-ylamide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amlno)-methyl]-hexanoic acid A-7 (R=n-buty]) and azetidine-2-carboxylic acid (5- 
methyl-pyridin-2-yi)-amide A-8 [X = CH2. n = 1. Ri = 2-(5-Me-pyridyl)]. 

1H NMR (DMSO-de): §8.07 (bs, 1H), 7.94^7.91 (d. J = 8.24 Hz. 1H), 7.56-7.53 (d. J= 8.52 
Hz, 1H), 4.79 (bs. 1H), 4.13-4.04 (m, 2H). 3.48 (bs, 1H). 3.37 (bs, 2H), 2.28 (bs. 1H). 2.17 
(bs, 4H). 1.18 (bs. -eH). 0.77 (bs, 3H). ES-MS: calcd. for C18H26N4O4 (362.43); found: 363.3 
[M+H]. 

A-8 is prepared from azetidine-1,2-dicarboxylic acid 1-tert butyl ester and 5-methyl-pyridin-2- 
ylamihe as described below. . 

Azetidlne 2-S-(5-methyl-pyridIn-2-ylcarbamoyl)amide 

The N-Boc protected amino acid Is coupled to 2-amino pyridine using HATU/DIEA/DMF to 
yield the protected amide. The protected amide is treated with 4.0M HCI-dioxane to give HCI 
salt of A-8. 
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:,. 1H NMR (DMSO-de): § 8.41 (bs, 1H), 8.17-8.14 (d. J = 8.24 Hz, lH). 7.99-7.96 (d, J = 8.24 
•; ? Hz. 1H). 5.33 (bs, 1H), 4.2-4.12 (m, 1H). 3.99-3.95 (m, 1H). 2.93- 2.84 (m. 2H), 2.47 (s. 3Hj). 
ES-MS:calcd. for C10H13N3O (191. 11); found: 192.3 [M+HJ. ^r-: 

^ Example 20; 1 -{2-R-[(f oiTnyl-hydroxyj-amino)-methyl]-hexanoyl}-^ 
# xylic acid-5-fluoro-pyridin*2-ylainlde -^l- 

^ The title compound is prepared according to General Procedure A from 2-[(benzy/o^- 

formyl-aminohmethylhhexanolc add A-f. (R=n-butyl) and azetidine-2-carboxylic acid (5- 
/P" fluoro-pyridin-2-yl)-amldeA-8p<=:CH2. n -1,Ri = 2-(5-F-pyridyl)]. |: 
?| 1H NMR (DMSO-de): § 8.52 (bs. 1H). 8.3;6-8:33 (t. J = 3.3 & 5.2 Hz. 1H). 8.01-7.93 (dd. ^ 
I 4.95 & 8.52 Hz. 1H). 5.08 (bs. 1H). 4.33 (bs. 2H). 3.74 (bs. 1H). 3.53 (bs, 2H), 2.41 (bs. 2#, 
I 1 .42 (bs. 6H), 1 .03 (bs, 3H). EiS-MS: calod. for C7H23FN4O4 (366.69); found: 367.2 [M+H]. i 
I A-8 Is prepared from azetadine-1 .2-dicart)oxyl}c add 1-tert butyl ester and 5-methyl-pyridin^l- 
j>, ylamlne as described below. H 
l) Azetidine 2-S-(5-fluoro-pyrldln-2-ylcarbamoyl)amide Pf 
:|,5 The N-Boc protected amino acid Is coupled to 2-amino pyridine using HATU/DIEA/DMF^q 
■i i yield the protected amide. The protected amide is treated with 4.0M HCi-dioxane to give Hci 

salt of the free amine. ' 
, 1H NMR (DMSO-de): § 8.58-8.67 (d. J = 3.02 Hz. 1H). 8.32 (bs. 1H). 8.06-7.9 (m, 1H). 5.32 

(bs. 1H). 4.17-3.98 (m. 2H), 2.93-2.74 (m. 2H). ES-MS: calcd. for C9H10FN3O (195.08); 

found: 196.2 [M+H]. 

Example 21: 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrroiidine-2-S-carbo- 
xy«c aci'd-(5-trifluoromethyl-1-oxy-pyrfdIn-2-yl)-amfde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonnyl-amino)-methyl]-hexanolc add A-7 (R=n-butyl) and pynrolldine-2-carboxyllc add (5- 
trifluorornethyl-1-oxy-pyridin-2-yl)-amide A-8 p( = CH2. n = 1, R, = 2-(5-trifluoromethyl-1- 
oxy)-pyridyl]. 

1H NMR (DMSO-de): § 9.15 (bs, 1H). 8.64-8.62 (d. J = 8.79 Hz. 1H), 7.98-7.96 (d. J = 9.34 
Hz. 1H). 5.04-5.0 (m. 1H). 3.87-3.73 (m. 2H), 3.65 (bs. 2H), 3.49-3.48 (m. 1H). 2.34 (bs, 2H), 
2.13-2.12 (d, J = 2.47 Hz. 2H). 1.67-1.45 (m, 6H). 1.03 (bs, 3H). ES-MS: caicd. for 
C,bH25F3N406 (446.43); found: 447.3 [M+HJ. 
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A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid: benzyl ester and 3- 
amino-quinoline as described for the synthesis of pyrrolidine-2-carboxylic add pyridine-2-yl- 
amide (hydrobromiG, acid salt) in Example 1. 

2-S*(5-trif luoromethyl-1 -oxy-pyridin-2-ylcarbamoyI)-pynrolidine-1 -carboxylic acid 
benzyl ester J^ci ' 

2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 5-trifluoromethy!-pyridin-2" 
ylamine is reacled^fe give amide intermediate as described for the syndesis of 2-S-(pyridin- 
2-yl-carbamoyl}-pyrrolidine-1-carboxyiic acid benzyl ester in Example Ij This intermediate on 
oxidation with MCPBA provides the title compound. 

1H NMR (DMSp-d^): §9.15 (bs, 1H). 8.67-8.58 (dd. J = 8.79 & 9.07 Hz, 1H), 7.98 (bs, 1H), 
7.57 (bs, 2H), 7.37^.34 (d. J = 8.065 Hz, 2H), 5.29-5.26 (d. J = 9,9 H^2H). 5.1-5.0 (m, 1H), 
3.68-3.53 (m, 2H)r 2.63-2.57 (m, 2H), 2.2-2.05 (m. 2H). ES-MS: cal&d. for C19H18F3N3O4 
(409.12); found: 410:2 [M+H]. ^ 
Pyrrolidine-2-S-carboxyilc acid (5-trlfluoromethyl-1-oxy-p]^ridin-2-yl) amide 
hydrobromic acid salt 

The treatment of tHe above N-protected intermedfate with HBr-AcOH provides the title 
compound. - ^ 

1H NMR (DMSO-de): §9.21 (bs. 1H), 8.66-8.63 (d, J = 8.79 Hz, 1H), 8,06-8.02 (dd. J = 1.37 
Hz, 1H). 5.05-5.0 (t, J = 6.58 & 7.14 Hz. 1H). 3.58-3.47 (m, 2H), 2.63-2.57 (m. 2H). 2.23-2.1 
(m, 2H)- ES-MS: calcd. for C11H12F3N3O2 (275.09); found: 276.1 [M+H]. 

Example 22; 1-{2-R-[(formyl-liydroxy-amino)-metriyl]-hexanoyl}-py» rolldine-2-S-<^ 
xylic acid-(4-ethyl-1 -oxy-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyI]-hexanoic acid A-7 (R=n-butyl) and pyrroIldine-2-carboxylic acid (4- 
ethyl-1-oxy-pyridJn-2-yl)-amide AS fX = CH2, n = 1 . Ri = 2-(4-ethyl-1-oxy)-pyridyJI. 
1H NMR (DMSO-de): § 8.47-8.45 <d, J = 6.593 Hz. 1H), 8.35-8.34 (d, J = 2.2 Hz, 1H). 7.22- 
7.20 (m, 1H), 4.92-4.89 (t. J = 4.7 & 3.02 Hz. 1H), 3.85-3,80 (t. J = 6.49 & 8.24 Hz. 2H), 3.53 
(bs. 2H), 3.22 (bs. 1H). 2.85-2.71 (m, 2H). 2.35-2.13 (m. 4H), 1.68-1.36 (m, 6H). 1.02 (bs. 
3H). ES-MS: calcd. for C20H30N4O6 (406.48); found: 407.3 [M+H]. 

2-S-(4-ethyl-1-oxy-pyrldin-2-ylcarbamoyl)-pyrroiidine-1-carboxyiic acid benzyl ester 

2-chlorocarbonyl-pyn-olidine-l-carboxyllc add benzyl ester and 4-ethyl-pyridin-2-yIamlne is 
reacted to give amide intermediate as described for the synthesis of 2-S-(pyrldln-2-yI- 
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-carboxylic acid benzyl ester in Example 1. Tms 



carbamoyO-pyn-olidine-l-carfaoxylic acid benzyl ester in Example 1. Tms intermediate on 
, oxidation with l\/ICPBA provides the title compound. 

1H NIVIR (CDCI3): §8.8-8.12 (m, 1H), 7.4-7.2 (m.1H), 6.85-6.83 (d. J = 6.59 Hz. 1H). 5.3-5. is 
. (m, 2H), 4.57 (bs, 1H). 3.71-3.54 (m, 2H), 2.7-2,63 (dd, J = 7.42 Hz, 2H). 2.24-1,73 (m, 4H)f 

1.3-1.2 (m. 3H). ES-MS: calcd. for C20H23N3O4 (369.17); found: 370.2 [M+H]. 

Pyrrolidfne-2-S-carboxylic acid (4-ethyl-1-o:^-pyridln-2-yl) amide hydrobromic acidlf 

sait 

The treatment of the above N-protected inteffiiediate with HBr-AcOH provides the titles 
compound. v:^; 

IN NIVIR (DMSO-de): § 8.56 -8.53 (d. J = 6.6 HzglH), 8.36-8.35 (d. J = 2.3 Hz. 1H). 7.33-7.31 
(dd. J = 2.37 & 2.47 Hz, 1H), 5.0-4.96 (t, J = 8.|4 & 5.49 Hz, 1H), 3.39-3.42 (m, 2H), 2.88-^ 
2.81 (dd, J = 7.7 Hz, 2H), 2.64-2.55 (m. 1H). 2.242.05 (m, 3H). 1.29-1.25 (t. J = 7.14 & 6.87 ' 
Hz, 3H). ES-MS: calcd. for CiaHiyNaOa (235.1 3);f ound: 236.2 [M+H]. 

Example 23 ; 1-{2-R-[(formyl-hydroxy-amlno)Hfifiethyl]-hexanoyl}-pyrrolidine-2-S-carbO!; 
xylic acid-(4-phenyl-pyridin-2-yi)-amide 5 

The title compound is prepared according to ; General Procedure A fronn 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanolG acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (4- 
phenyl-pyridin-2-yl)-annide A-8 [X = CH2, n = i, Ri = 2-(4-phenyl)pyridyl]. 
1H NMR (DMSO-de): §8.6-8.45 (m, 1H). 8.3-7.6 (m, 5H), 4.8 (bs, 1H), 3.85-3.71 (m. 2H), 
3.31 (bs, 1H), 2.32-1.98 (m. 4H). 1.76-1.43 (m, 6H). 1.04 (bs. 3H). ES-MS: calcd. for 
C24H3oN404 (438.53); found: 439.4 [M+HJ. 

A-8 Is prepared from 2-chlorocarbony!-pyrrolldirie-1 -carboxylic acid benzyl ester and 4- 
phenyl-pyridin-2-yiamlne as described for the synthesis of pynnolidIne-2-carboxyllc add 
pyridine-2-yl-amide (hydrobromic acid salt) in Example 1. 

2->S-(4-phenyl-pyridln-2-yi-carbamoyl}-pyrrolid3ne-1 -carboxylic acid benzyl estcir 
1H NMR (CDCI3): § 8.8-8.12 (m. 1H), 7.4-7.2 (m,1H). 6.85-6^^3 (d, J = 6.59 Hz. 1H). 5.3-5.1 
(m, 2H). 4.57 (bs. 1H). 3.71-3.54 (m, 2H). 2.7-2 63 (dd. J = 7.42 Hz, 2H), 2.24-1.73 (m. 4H). 
1.3-1.2 (m, 3H). ES-MS: calcd. for C20H23N3O4 (369.17); found: 370.2 [M+H]. 
Pyrrolidine-2-S-carboxylic acid (4-plienyi-pyridin-2-yl) amide hydrobromic acid salt 
1H NMR (DMSO-de): § 8.64-8.63 (d, J = 5.22 Hz, 1H). 8.53 (s. 1H), 7.94-7.91 (dd, J = 1.65 & 
1.1 Hz, 1H), 7.78-7.67 (m, 5H). 4.68 (bs, 1H). 3.5-3.46 (m. 2H), 2.65-2.58 (m, 1H), 2.24-2.09 
(m, 3H). ES-MS: calcd. for CieHiyNgO (267.14); found: 268.3 [IVI+Hl. 
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Example 24: 1 •^2-R-[(foFmyl-hydroxy-amino)-rnethyl]-hexanoyl}-pyrrolidine-2-S-carbo- 
xylic acid-(4-phenyl-1 -oxy-pyridin-a-yO-amide 

The title compound is prepared according to General Procedure from 2-[(benzyloxy- 
fomiyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and pyrrolidine^2-carboxylic add (4- 
phenyl-1-oxy-pyridin-2-yl)-giTiide A-8 p< = CHa, n = 1 . R, = 2-(4-phenyMroxy)-pyridyl]. ' 
1H NIVIR (DMSO-de): § 8.-?£|8.79 (d, J = 2.47 Hz. 1H), 8.64-8.62 (d. J = 6.87 Hz. 1H), 7.9-7.6 
(m. 5H), 4.99-4.96 (t, J = & 3.3 Hz. 1H), 3.88-3.76 (m. 1H). 3.53 2H), 3.24 (bs, 1H), 
2.35-2.15 (m. 4H), 1.68-l|^*5 (m. 6H), 1.05-1.03 (d, J = 6.59 Hz. 3N). ES-MS: calcd. for 
C24H30N4OS (454.53): found:.455.3 [M+H]. 

2-S-(4-^henyl-1-oxy-i>yridin-2-ylcairbamoyl)-pyrrolidihe-lK:arboxyllc acid benzyl ester 
2-diiorocarbonyl-pyrrolidlni^1-carboxyiic add benzyl ester and 4-phenyl-pyridin-2-yiamine is 
reacted to give amide intermediate as described for the synthesis of 2-S-(pyridin-2-yl- 
carbamoyt)-pyrrolidine-1-cirboxylic add benzyl ester in Example l.'this intenmediate on 
oxidation with MCPBA proyides the title compound. 

1H NMR (CDCI3): §8.3^.^(rn, 1H), 7.96-7.13 (m, 12H), 5.73-5.12 (m, 2H). 4.7-4.4 (m. IN), ^ 
3.8-3.5 (m, 2H). 2.5-2.01 ^(rn. 4H). ES-MS: calcd. for Ca4H23N304 (417.17); found: 418.1 
[M+H]. ' ^ 

Pyrrolidine-2-S-carboxyi!c acid (4-phenyl-1-oxy-pyridin-2-yi) amide hydrobromic acid 
salt 

The treatment of the above N-protected Intermediate with HBr-AcOH provides the title 
compound. 

1H NMR (DMSO-de): § 8.79-8.78 (d. J = 2.47 Hz. 1H). 8.7-8.67 (d. J = 6.87 Hz. 1H). 7.94- 
7.89 (m, 1H). 7.79-7.64 (m, 5H), 5.03-4.97 (dd. J = 6.59 Hz. 1H), 3.53-3.44 (m, 2H), 2.64- 
2.55 (m, 1 H), 2.28-2.09 (m, 3H). ES-MS: calcd. for CeHirNaOa (283.13); found: 284.2 [M+H]. 

Exampie 25: 1-{2-R-[(formyl-hydroxy-amino)-methyi]-hexanoyi}-pyrrolidine-2-S-carbo- 
xylicacid-(4-trifIuoromethyl-pyridin»2^yl)-amide 

The title compound Is prepared according to General Procedure A from 2-[(benzyloxy- 
fbnnyl-amino)-methylhhexanolc add Af7 (R=n-butyi) and pyrrolidine-2-carboxylic add (4- 
trifluoromethyI-pyridin-2-yl)-amide A-8 pc » CH2, n = 1, R, « 2-(4-trffluoromethyl)pyrldyll. 
1H NMR (DMSO-de): §8.8-8.78 (d. J = 5.22 Hz. IN), 7.97 (bs, 1H), 7.66-7.65 (d, J = 4.87 
Hz. 1H), 4.8-4.77 (t, J = 4.12 & 4.4 Hz. 1H). 3.86-3.7 (m, 2H). 3.52 (bs. 2H), 3.2 (bs, 1H). 
2.33-2.1 (m, 4H), 1,64-1.45 (m, 6H). 1.06-1.04 (d. J = 6.32 Hz, 3H). ES-MS: calcd. for 
C19H25F3IM4O4 (430.43): found: 431.3 [M+HJ. 
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A-8 is prepared from 2-chlorocarbonyl-pyrTolidine-1-carboxylic acid benzyl ester and 4- 
trifIuoromethyl-pyridin-2-ylamine as described for the synthesis of pyrroiidine-2-carboxylic 
acid pyridine-2-yl-amide (hydrobromic acid salt) irr Example 1 . 

Pyrrol^idine-2-S-carboxylic acid (44rifluorom<gthyl-pyridin-2-yl) amide hydrobromic 
acid $alt 1^}. 

1H N^JR (DMSO-de): §8,93-8.85 (m, 2H), 7.77^7.75 (m. 1H), 4.67-4.65 (d. J = 6.593 Hz, 
1H). ;^9-3.44 (m, 2H), 2.65-2.56 (m. 1H).^v2.24-2.09 (m, 3H). ES-IVIS: calcd. for 
CiiHiiEtaNsO (259. 1 ); found: 260.2 [M+H]. 

Example 26: 1 •{2-R-[(f ormyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidlne-2-S-carbo- 
xyllc acid-(4-trifluoromethyl-1 -oxy-pyridln-2-yl)-amlde 

The titie compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl^amino)-methyO-hexanoic acid A-7 (R=n-l3iutyl) and pyrrolidine-2-carboxylic add (4- 
trifIuorj?methyl-1-oxy-pyridin-2-yl)-amide A-8 p< = CH2, n = 1, Ri = 2-(4-trifluoromethyl-1- 
oxy)-pyndyfJ. : 

1H NMR (DMSO-de): § 8.79-8.76 (m, 1H). 7.98 (bs, 1H), 7.73-7.65 (m, 1H), 5.04-5.0 (m. 1H). 
3.84-3,72 (m, 2H), 3.52 (bs. 2H). 3.3 (bs. 1H). 2.32-2.13 (m, 2H). 1.77-1.44 (m. 6H). 1.04- 
1.02 (d. J = 6.04 Hz, 3H). ES-MS: calcd. for C19H25F3N4O5 (446.43); found: 447.3 [M+H]. 
Pyrrolidine-2-S-carboxyllc acid (4-trifluoromethyl-1«-oxy-pyridln-2-yl) amide 
hydrobromic acid salt 

2-chlorocarbonyl-pynroridine-1-carboxylic acid benzyl ester and 4-trifluoromethyl-pyridin-2- 
ylamine is reacted to give amide intermediate as described for the synthesis of 2-S-(pyridin- 
2-yl-carbamoyl)-pyrrolldine-1-cart)oxyllc add benzyl ester in Example 1, This intermediate on 
oxidation with l\/ICPBA followed by the removal of N-benzyloxycarbonyl group with HBr- 
AcOH provides the title compound. 

1H NMR (DIVISO-de): §8.94-8.74 (m, 2H). 7.83-7.8 (m. 1H), 5.02-4.97 (t. J = 6.22 & 8.52 Hz. 
1H), 3.5^3.42 (m..2H), 2.61-2.52 (m. 1H), 2.27-2.06 (m. 3H). ES-MS: calcd. for CiiHigPsNgO^ 
(275.09); found: 276.1 [M+Hl. 

Example 27: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidlne-2-S-carbo- 
xylic ac!d-(8-hydroxy-quinolin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiy/-am/no)-methy/]-hexano/c acid A-7 (R=n-butyO and pyn"olidlne-2-carboxylic add (8- 
benzyloxy-quinolin-2-yl)-amide A-8 p< = CH2, n = 1, Ri= 2-(8-benzyIoxy)quinolinyll. 
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. m ^ • 

1H NMR (DMSO-ds): 5 8.5-8.35 (m. 2H), 7.98 (bs, 1H). 7.55-7,46 (m, 1H), 7.28-7.26 (m, 1H), 
4.83-4.82 (d, J = 4.4 Hz, 1H), 3.86-3.68 (m. 4H). 3.27 (bs, 1H). 2.38 - 2.06 '(m. 4H), 1.68- 
1.42 (bs, 6H). 1.06-1.04 (d. J = 6.32 Hz, 3H). ES-MS: calcd. for C22H28N4P5 (428.48); found: 
429.3 [M+H]. ■ ' €• 
2-S-(8-benzyloxy-qu|nolin-2-ylcarbamoyl)-pyiTolidine-1-carboxylic acid bilizyl ester 
2-chlorocarbonyl-pyrrondine-^Karboxyllc acid benzyl ester and 8-hydroxy-quii^61in-2-ylamine 
is reacted to give bis-prollne intemnediate as described for the synthesis of 2-S^pyridin-2-yl- 
cart)annoyl)-pyrrolidine-1-carb.oxylic add benzyl ester In Example 1. This IrtSnmedlate on 
treatment with lithium hydroiclde In THF.water (4:1) provides the corresponding 8-hydroxy 
derivative which on O-benzylatlon with benzyl bromide In DMF-I^COs yields^ the desired 
compound. 

1H NMR (DMSO-de): §11.2^11.1 (m, 1H), 8.49 (s, 1H). 7.73-7.23 (m, 14H).%.50 (s. 2H), 
5.31-5.22 (m, 2H), 4.83 (bs. IN). 3.73-3.61 (m, 2H), 2.52-2.36 (m. 1H), 2.1&:|.03 (m. 3H). 
ES-MS: calcd. for CzsHzzNaOi (481 .54); found: 482.2 [M+H]. 

Pyrrolidine-2-S-carboxylic acid (8-benzyloxy-quinolin-2-yl)-amide hydro1>romic acid 
salt •? 

1H NMR (DMSO-de): §11.6 (bs. 1H), 8.91 (bs, 1H), 8.60-8.57 (m. 1H). 7.^^-^.Z^ (m. 9H), 
5.52 (S. 2H), 4.68 (bs. 1H). 3.55-3.46 (m, 2H). 2. 68-2,63 (m. IN), 2.18-2.09 (m. 3H). ES-M3: 
calcd. for C2iH2iN302*2HBr (347.41); found: 348.3 [M+HJ. 

Example 28: 1 -{2-R-[(formyl"hydroxy-amino)Hiiethyl]-hexanoyl}-pyrrolidme»2-S-^ 
xyllcacid-(3-methoxy-6-nnethyl-pyridin»2-yl)-amide 

^ The title compound Is prepared according to General Procedure A from 2 [(benzyloxy- 
fomfiyl-amlno)-methyll-hexanolc add A-7 (R=n-butyl) and pyrrolldlne-2-carl30xy!lc add (3- 
metho3Qr-6-methyl-pyridln-2-yl)-amide A-8 (X = CH2, n = 1, Ri = 2-(3'-methoxy-6- 
methyl)pyrldyl]. 

% 1H NMR (DMSO-de): §7.54-7.51 (d, J = 8.24 Hz, 1H). 7.24-7.21 (d, J ^ 8^24 Hz, 1K). 4.79 
(bs, 1H). 3.94 (bs. 3H), 3.86-3.52 (m, 2H), 3.51 (bs. 2H), 3.27 (bs. 1H), 2.69 (bs, 3H). 2.26. 
2.01 (m, 4H), 1.64-1.42 (bs, 6H). 1.04-1.0 (t J = 5.77 & 6.04 Hz, 3H). ES-MS: calcd. for 
C20H30N4O5 (406.48); found: 407.3 [M+Hl. 

A-8 is prepared froni 2-chlorocarbonyl-pyrroHdine-1-carboxyHc add benzyl ester and 3- 
methoxy-6-methyl-pyridln-2-ylamlne as described for the synthesis of pymolidlne-2- 
carboxyilc acid pyridlne-2-yl-amfde (hydrobromic add salt) In Example 1 . 
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Pyrrolidine-2-S-c'arBoxyIic acid (3-methoxy-6-methyl-pyridin-2-yl) amide hydrobromic 
acid salt 

1H NMR (DMSO-de): §7.79-7.76 (d, J = 8.24 Hz, 1H), 7,45-7.42 (d, J = 8.24 Hz, 1H), 4.68 
(bs. 1H)fi4.01 (bs, 3H), 3.47-3.43 (t, J = 5.49 Hz, 2H). 2.7 (bs. 3H). 2.2-2.08 (m, 4H). ES-MS: 
calcd. fqrpizHiyNaOa (235.13); found: 236.2 [M+HJ. 0 

Example 29; 1 -{2-R*[(formyl-hydroxy-amino)HTiethyl]-Hexanoyl}-pyrrolidine-2-^ 
xylic acici (4-methoxy-pyridin-2-yl)-amide ft. 

The title compound fs prepared according to General Procedure A from 2-[(benzyIoxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) ancj: pyrrolidine-2-carboxylic acid (4- 
methoxy;pyridin-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-(4^methoxy)pyridyl]. 
1H NMR (DMSO-de, rotamers): § 10.7 (bs. 1H), 10.2 (s, 0:3H), 9.87 (s, 0.7H), 8.44 (s. 0.6H), 
8.32-8.30 (d, J = 5.77 Hz, 1HX 7.98 (s, 0.4H), 7.86 (s, 6.91-6.88 (m, 1H), 4.75-4.73 (m, 
1H). 3.99 (s. 3H). 3.87-3.67 (m, 4H)/ 3.30-3. 10 (bs, 1H);C2.30-2.06 (m, 4H). 1.65-1.36 (m, 
6H). 1.11-0.926 (m, 3H). ES-MS: calcd. for CigHasNAOg (392.45); found: 393.3 [M+H]. 
A-8 is prepared from 2-clilorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 4- 
metlioxy-pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxylic add 
pyridine-2-yl-amide (hydrobromic acid salt) in Example 1. 

2-S-(4-methoxy-pyridin-2-ylcarbamoyl)-pyrrolidlne-1-carboxylic acid benzyl ester 
1H NMR (DMSO-de): $ 10.8-10.7 (d, J = 15.9 Hz, 1H), 8.32-8.31 (d, J'= 5.7 Hz. IN), 7.91 (s. 
1H), 7.58-7.27 (m, 5H), 6.92-6.89 (m, IN). 5.32-5.16 (m, 2H), 4.75-4.68 (m, 1H). 4.00 (s, 
3H), 3.76-3.53 (m, 2H), 2.44-1.98 (m, 4H). ES-MS: calcd. for C19H21N3O4 (355.39); found: 
356.3 [M+H]. 

Pyrrolidlne-2-S-carboxylic acid (4-methoxy-pyrldin-2-yll)»amide hydrobromic acid salt 

1H NMR (DMSO-de): D11.9 (bs. IN). 8.98 (bs, 1H), 8.48-8.47 (d. J = 6.32 Hz. IN). 7.67 (bs, 
1H). 7.22-7.19 (m, 1H). 4.70-4.69 (m, 1H). 4.12 (s. 3H). 3:51-3.47 (m. 2H), 2.66-2.57 (m, 
1H). 2.28-2.10 (m. 3H). ESrMS: calcd. for Ci,Hi5N3Q2*2HBr.(221.2^); found: 222.2 [M+H] 
free base. 

1-{2-R-[(benzyloxy-formyl-amlno)-methyl]-hexanoyl}-pyrrolidine-2-S-carboxyllc acid 
(4-methoxy-pyrldln-2-yl)-amIde 

1H NMR (DMSO-de. rotamers): §10.7 (s, 1H), 8.41 (s, 0.5H). 8.33-8.31 (m, 1H), 8.06 (s, 
0.6H). 7.85 (s. 1H), 7.62-7.59 (m, 5H), 6.91^,88 (m. 1H), 5.06 (s. 2H). 4.77 (s, 1H). 3.99 (s. 
3H). 3.85-3.67 (m, 4H), 3.10 (bs. 1H). 2.28-2.06 (m, 4H), 1.65-1.44 (m. 6H), 1.05-1.01 (m. 
3H). ES-MS: calcd. for C26H34N4O5 (482,57); found: 483.3 [M+H], 
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Example 30: 1-{2-R-[(formyl-hydrpxy-amino)*methyi]-hexanoyl}-pyrroiidin&-2-S-carbo- 
xylic acid (3-methoxy-pyridin-2-yl)-amide ^ 

The title compound is prepared accprding to General Procedure A from 2i^[(benzyloxy- 
formyl-amino)-metliyl]-hexanoic acid ^^-7 (R=n-butyl) and pyrrolidine-2-carbo)c^lic acid (3- 
methoxy-pyridin-2-yl)-amide A-8 p< =i©H2, n = 1, Ri = 2-(3-methoxy)pyridylJ. 
1H NMR (DMSO-de): § 9.83 (s. 1H). 8^5 (s, 1H). 8.13-8.11 (m. 1H). 7.98 (s, 1H). 7.65-7.62 
(m. 1H), 7.40-7.36 (m, 1H), 4.83 (bs^glH), 4.00 (s, 3H), 3.70-3.83 (m. 4H). 3lp (bs. 1H). 
2.35-2.205 (m, 4H). 1.75-1.43 (m. 6^1), 1.15-1.00 (m, 3H). ES-MS: calcd. for:?Ci9H28N405 
(392.45); found: 393.3 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic add benzyl e^ter and 3* 
methoxy-pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-Gai:boxyllc add 
pyridlne-2-yl-amlde (hydrobromic acid'isait) in Exarriple 1. 

2-SH[3-methoxy-pyrldln-2-ylcarbam6yl)-pyrrolldlne-1-carboxylic acid benzyl .ester 
1H NMR (DMSO-de): §9.96-9,90 (d. 6 = 17.8 Hz, 1H). 8.17-8.13 (m, 1H), 7.66-7.39 (m, 7H), 
5.28-5.19 (m, 2HX 4.72 (bs, IHX 3.Mj(s. 3H), 3.69-3.53 (m. 2H), 2.49-2.31 (m, IH), 2.18- 
2,04 (m, 3H)s. ES-MS: calcd. for C,9HiN304 (355,39); found: 356.3 [M+Hl. 
PyiTOiidine-2-S-carboxylic acid (3-methoxy-pyridln-2*-yl)-amide hydrobromic acid salt 
IH NMR (DMSO-de): §10.8 (bs, 1H), 8,89 (bs, IH), 8,23-8.21 (m, 1H). 7.87-7.85 (m, IH), 
7.60-7.56 (m. IH), 4.73 (bs, 1H), 4.07 (s, 3H). 3.54-3.45 (m. 2H), 2.64-2.57 (m, IH). 2.24- 
2.14 (m, 3H). ES-MS: calcd. for CiHt5N302*2HBr (221 .26); found: 222.2 [M+H] free base. 

i 

1 -{2-R-[(benzyloxy-formyl-amino)*methyi]-hexanoyl>-pyrrolidine-2-S-carboxylic acid 
(3-methO}^-pyridin-2-yi)-amide 

1H NMR (DMSO-de): §9.82 (s, IH). 8.42 (s. IH), 8.13-8.11 (m, IH), 7.65-7.59 (lin. 6H). 7.40- 
7.38 (m. IH), 6.06 (s. 2H), 4.81 (bs, IH), 4.00 (s. 3H). 3.88-3.70 (m, 4H), 3.10 (bs, 1H). 2.13- 
2.01 (m. 4H). 1.65-1.41 (m, 6H), 1.03-0.963 (m, 3H). ES-MS: calcd. for C26H34N4O5 (482.57);. 
found: 483.3 IM+H]. 

:^ 

Example 31 : 1-{2-R-[(formyl-hydroxy-amino)-methyq-hexanoyl}-pyrrolldlne-2-S- 
carboxylic acid (6-hydroxy-pyridin-2-yl)-amide 

The title compound Is prepared according to General Procedure A fix>m 2-[(benzyloxy- 
fonmyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (6- 
benzyloxy-pyridin-2-yl)-emide A-8 pc = CH2, n = 1, Ri = 2-(3-benzyloxy)pyridyq. 
IH NMR (DMSO-de. rotamers): $ 10.4 (bs, IH). 10.24 (s. IH), 9.87 (s, IH). 8.44 (s, IH), 7.97 
(s. IH). 7.74-7.69 (m, IH). 6.43 (bs, IH). 4.70 (bs, IH), 3.85-3.70 (m. 4H), 3.21 (bs. IH). 
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2.27-2.06 (m, 4H), 1.65t1.43 (m, 6H). 1.03 (bs, 3H). ES-MS: calcd. for C,8H26N40s (378;42); 
found: 379.2 [M+HJ. • 

A-8 Is prepared from 2-chlorocarbonyl-pyrrolidfne-l-carbbxylic acid benzyl ester and 6- 
hydroxy-pyridin-2-ylamlne to give bis-prollne derivative whieh on basic hydrolysis followld by 

0- benzylatlon provides the desired amine as described for the synthesis of pyrrolldlte-2- 
carboxylicacidpyridine-2-yl-amlde(hydrobromlcackisalt)iiniExanriple1. ' ' ■ 'M: 
2-S-(6-hydroxy-pyridin-2-ylcarbamoyl)-pyrrolidine-1-ca^oxylic acid benzyl ester il 
1H NMR (DMSO-de): § 10,9 (bs, 1H). 10.5 (bs. 1H), 7.77-7.70 (m. 1H). 7.56-7.30 (m,«6H), 
6.48-6.46 (m, 1H), 5.27-5.26 (m, 2H). 4.67-4.62 (m, 1H).:5.72-3.57 (m. 2H). 2.47-1 .9|r-(m. 
4H). ES-MS: calcd. for C18H19N3O4 (341 .36): found: 342.3 [M+HJ. wl 
2-S-(6-benzyloxy-pyrldin-2-ylcarbamoyl)-pyrrondine-1-earboxylic acid benzyl este§ 
The hydroxy compound (0.920 g. 2.70 mmol, 1 equiv.) is dissolved Iri DMF (9 ml) and celled 
to O'C. K2CO3 (1.12 g, 8.09 mmol. 3 equiv.) Is added followed by benzyl bromide (3^ pi, 
3.23 mmol, 1.2 equiv.). The resulting mixture is stinned at 6'C for 1 h, then at rt for 3 h-^The 
reaction tnixtiire is diluted with EtOAc. washed with brine, and saturated NaHCOs.!^ 
organic iayer Is dried over anhydrous Na^04, filtersd. and concentrated. Purification by FC 
(hexane:EtOAc = 2:1) gives the title compound as a colorless oil. - j 
1H NMR (DMSO-de): §10.6-10.5 (m. 1H). 7.92-7.86 (m. 1H). 7.69-7.52 (m. 9H), 7.41-7!26 
(m. 2H), 6.81-6.75 (m, 1H). 5.54-5.51 (m, 2H), 5.28-5.24 (m, 2H). 4.79-4.68 (m. 1H). 3.69- 
3.59 (m. 2H). 2.46-2.07 (m, 4H). ES-MS: calcd. for C25H25N304 (431.48); found: 432.3 [M+H]. 
Pyrrolidine-2-S-carboxylic acid (6-benzyloxy-pyridin-2-yl)-amide hydrobromic acid salt 
1H NMR (DMSO-de, rotamers): $ 11.1 (s, 0.6H). 11.0 (s, 0.4H), , 8.88 (bs, 1H), 7.99-7.94 (m, 
0.4H), 7.86-7.80 (m. 0.6H). 7.67-7.47 (m. 6H). 6.85-6.83 (m, 0.6H), 6.63-6.60 (m, 0.4H), 
5.54-5.53 (s, 2H), 4.67-4.62 (m, 1H), 3.51-3.46 (m, 2H), 2.65-2.53 (m, 1H), 2.21-2.03 (m. 
3H). ES-MS: calcd. for Ci7Hi9N302*2HBr (297.35); found: 298.3 [M+IH] free base. 

1- {2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carboxylic acid 
(6-l5enzyloxy-pyridin-2-yl)-amide "~ 
1H NMR (DMSO-de): §10.5 (s, 1H), 8.05 (s. 1H), 7.88-7.80 (m, 2H), 7.64-7.52 (m, 10H), 
6.76-6.74 (m. 1H). 5.53 (s. 2H). 5.06 (s. 2H). 4.79 (bs. H). 3.84-3.74 (m. 4H), 3.13 (bs. 1H). 
2.22-1.92 (m. 4H), 1.65-1.43 (m. 6H). 1.04-0.976 (m. 3H). ES-MS: calcd. for C32H38N4O5 
(558.67); found: 559.3 [M+HJ. 

Example 32; 1 -{2-R-[(fonnyl-hydroxy-amino)-methyi]-hexanoyl}-pyiTolidine-2-s-carbo- 
xylic acid (3-hydroxy-lK>xy-pyridin-2-yi)-amide 
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The title compound is prepared according to General Procedure A described below from 
PFP ester of 2-[(benzyloxy-formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 
pyrrolidjne-2-carboxylic acid (3-ben2^loxy-1-oxy-pyridin-2-yl)-amidp;A-8 [X = CH2. n = 1. Ri 
= 2-(3-benzyloxy-1-oxy)-pyridyl]. i:i 

1H NMR (DMSO-de): § 10.2-10.2 (nrifel H), 9.62 (s. 1H). 8.17 (s, 1H)i 7.86-7.82 (m, 1H). 7.73 
(s. 1H), 7.09-7.03 (m, 1H). 6.85-6.82^(m. 1H), 4.65-4.61 (m. 1H). 3.56-3.45 (m. 4H). 2.96 (bs, 
1H). 2.20-1.85 (m. 4H). 1.39-1.17 (rti, 6H), 0.753 (bs, 3H). ES-iyiS: calcd. for C18H26N4O6 
(394.42); found: 395.2 [M+H]. ^ # 

2-S-(3-benzyloxy-1 -oxy-pyridin-2-y|_carbanioyl)-pyrrolidine-1 -carboxylic acid benzyl 
ester --^ ^-i 

2-chlorocarbonyl-pyrrolidine-1-carbo>^ic acid benzyl ester and 3-benzyloxy-pyridin-2- 
ylamine is reacted to give amide intermediate as described for the'^synthesis of 2-S-(pyridin<- 
2-yl-carbanrK>yl)-pyrroHdlne-1"Carboxy]icacid benzyl ester in Example 1. This intermediate on 
oxidation with l\4CPBA provides the title compound. 

1H NMR (DlWSO-de): $ 10.2-10.1 (m. 1H). 8.21-8.16 (m. 1H). 7.65t7;35 (m. 12H). 5.37-5.21 
(m, 4H). 4.78^.70 (m. 1H). 3.63-3.60 (m, 2H), 2.30-1 .84 (m,; 4H). ES-I^S: calcd. for 
C25H25N3O5 (447.46); found: 448.2 [M+HJ. ; 
Pyrrolidlne-2-S-carboxylic acid (3-benzyloxy-1-oxy-pyridin-2»yl)-amide hydrobromic 
acid salt 

The removal of N-benzyioxycarbonyl group with HBr-AcOH from above Intermediate 
fumished the desired compound. 

Iri NMR (DIVISO-de): 5 10.8 (s, 1H), 8,90-8.88 (m, 1H). 8.26-8.23 (m, 1H), >.65-7.45 (m, 
7H). 5.39 (s, H), 4.72-4.67 (m. 1H), 3.46-3.34 (m. 2H), 2. 54-1.75 (m, 4H). ES-IWS: calcd. for 
Ci7Hi9N303*2HBr (313.35); found: 314.3 [M+H] free base. 

1-{2-R-[(benzyloxy-formyl-amfno)-methyl]-hexanoyl}-pyrrolidine-2-S-carboxyllc acid 
(3-benzyIoxy-1 -oxy-pyridin-2-yl)-amide 

To a solution of pentafluorophenyl ester of A-7 (0.920 g, 2.13 mmol, 1 equiv.) iri-dry DMF (1 1 
mi) at O^^C under nitrogen is added Hunig's base (1.9 ml, 10.7 mmol, 5.0 equiv.) followed by 
amine (1.52 g, 3.20 mmol, 1.5 equiv.). The resulting mixture is stin-ed at rt for 23 h. The 
reaction mixture is partitioned between EtOAc and 10% citric ac!d. The organic layer is 
washed with brine and saturated NaHCOa, dried over anhydrous Na2S04, filtered, and 
concentrated. The residue is purified by FC (CIH2Cl2:methanol = 100:0 to 96:4) to give the 
title compound as a white solid. 
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1H NMR (DMSO-de): §10.08 (s, 1H), 8.19-8.16 (m, H), 7.65-7.36 (m, 13H), 5.32 (s, 2H). 
5.06-5.05 (m. 2H), 3.88-3.59 (m. 4H). 3.07 (bs. 1H). 2.10-1.78 (m, 4H), 1.65-1.39 (m, 6H), 
1.03-0.945 (m, 3H). ES-MS: calcd. for C32H38N4O6 (574.67); found: 575.4 [M+H]. 

Example 33 : 1 H[2-R-[(formyl*hydroxy-aminp)-methyq-hexanoyl}-pyrrolidine--2-S-carbo- 
xylic acid (benzo[1,3]dIoxol-5-yl)-amide 

The title compound is prepared according Jo General Procedure A from 2-[(t}enzyk}xy- 
formyl-amino)-metliyl]-hexanoic add A-7 (R=nrbutyt) and pyrrolidine-2-carbo)^lc acid 
(benzo[1 ,3]dioxbi-5-yl)-amide A-8 p< = CHa, n^= 1 , Ri = 5-(benzo[1 ,3]dioxo!)]. 
1H NIVIR (DIVISq-de): §7.47-7.46 (d. J = 1.65|Hz. 1H). 7.15-7.02 (m, 2H), 6.17-6.16 (d. J = 
3.85 Hz. 2H). 4i4 (bs, 1H), 3.86-3.7 (m, 2H), J:52 (bs, 2H), 2.28-2.05 (m, 4H), 1.64-1.45 (m, 
6H). 1.06-1.04 ^cl, J = 6.32 Hz. 3H). ES-MS?,calcd. for CaoHzTNgOe (405.45); found: 406.3 
[M+HJ. ^J. # 

A-S is prepared from 2-chlorocarbonyl-pyrrolidine-1-carbQ)(ylic add ben^l ester and 5- 
amino-(benzo[1,3j|dioxol as described for thp synthesis of pyrroHdine-2-carbO}^lic add 
pyridine-2-yl-amide (hydrobromic acid salt) in Example 1 . 

2-S-(benzo[1,3]dioxol-5-yI-carbanioyl)-pyrr6lidine-1-carboxylic acid benzyl ester 

1H HMR (DlWSO-de): §7.6-7.3 (m. 6H). 7.2-7.02 (m, 2H), 6.17-6.16 (d, J = 1.47 Hz, 2H), 
5.31-5.11 (m, 2H), 4.5-4.45 (m, 1H). 3.7-3.6 (m, 2H), 2.5-2.34 (m, 1H), 2.14-1.98 (m, 3H). 
ES-MS: calcd. for CaoHaoNaps (368.14); found: 369.2 [M+H]. 

Pyrrolidlne-2-S-carboxylic acid (benzo[1,3]dioxol-5-yi)-amlde hydrobromic acid salt 

1H NMR (DMSO-de): § 7.49-7.48 (d, J = 2.2 Hz. 1H), 7.2-7.17 (m. 1H). 7.11-7.08 (d. J= 8.24 
Hz. 1H). 6.2 (bs. 2H), 4.5-4.48 (t. J = 7.1 & 6.3 Hz, 1H), 3.46-3.45 (d, J = 5.22 Hz. 2H), 2.58- 
2.54 (t, J = 8.24 & 6.6 Hz, 1H). 2.18-2.1 (m, 3H). ES-MS: calcd. for C12H14N2O3 (234.1); 
found: 235.2 [M+H]. 

Example 34: 1 -{2-RH[(fonnyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolldine-2-S-carbo- 
xylic acid (2,2-difluoro-benzo[1,3]dioxol-*5-yl)-ainide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (2,2- 
difluoro-ben2ot1,3Idloxol-5-yl)"amlde A-8 [X = CH2. n = 1, Ri = 5-((2,2-dlfiuoro- 
benzo[1,3]dioxoq. 
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1H NMR (DMSO-de): § 7.96-7.93 (m, 1H), 7.56-7.42 (m. 2H. 4.56-4.55 (d, J = 3.57 Hz. 1M). 
3.86-3.6 (m. 2H). 3.53 (bs, 2H), 3.28 (bs. 1H), 2.31-2.02 (m. 4H), 1.63-1.45 (m. 6H), 1.04 
(bs. 3H). ES-MS: calcd. CzoHzsFzNaOe (441 .43); found: 442.3 [M+H]. »J 
A-8 is prepared from 2-chlorbcarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and :5- 
amino-(2,2-difluoro-benz|[1,3]dioxol) as described for the synthesis of pyrrolidine'^2:- 
carboxylic acid pyridine-2^yl-amide (hydrobromic acid salt) in Example 1 . tt 
2-S-(2,2-difluoro-benz9i|,3]dioxol-5-yl-carbainoyl)-pyrrolidine-1-carboxylic acid ben^l 
ester • 1^ ' v 

1H NMR (DMSO-de): §7|?7-7.87 (dd. 1H). 7.57-7.3 (m. 7H). 5.31-5.10 (m. 2H). 4.6-4.48 (firi. 
1H), 3.73-3.6 (m, 2H), 2.^8-2.38 (m, 1H), 2.16-2.02 (m, 3H). ES-MS: calcd. for CaoHieFaNzOg 
(404.12); found: 427.2 [M+Na]. | 
Pyrroliciine-2-S-carboxyiic acid (2,2-difluoro-benzo[1,3]dioxol-S-yl)-amide (hydrobro- 
mic acid sail) |> ^ : . 
1H NMR (DMSO-de): §7|63-7.33 (m, 3H), 4.56 (bs, 1H), 3.59 (bs. 2H). 2.63-2.56 (m, 1IH); 
2.2-2. 13 (m. 3H). ES-M^jcalcd. for C12H12F2N263 (270.08); found: 271 .2 [M+H]. 

Example 35: 1 -{2-^-[(formy i-hydroxy-amino}-methyl]-hexanoyl}-pyrrolidine-2-S- 
carboxylic acid (phenGxy-phenyi-3-yi)-amide 

The title compound is prepared according to General Procedure A from 2-[(l>enzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidlne-2-carboxyllc acid 3- 
phenoxy-phenyl-3-yl)-amide A-8 p< =i CH2, n = 1 , Ri = 3-(phenoxy-phenyl). 
1H NMR (DMSO-de): §7.95 (bs, 1H), 7.60-7.19 (m. 7H), 6.89 (bs, 1H), 4.55 (bs, 1H). 3.8- 
3.71 (m. 2H), 3.53 (bs. 2H), 3.27 (bs. 1H). 2.27-2.05 (m. 4H). 1.42 (bs, 6H), 1.01 (bs, 3H). 
ES-MS: calcd. for C2SH31N3O5 (453.54); found: 454.3 IM+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidlne-l-carboxylic acid benzyl ester and 3- 
phenoxy-aniline as described for the synthesis of pyrrolidlne-2-carboxyllc add pyridine-2-yl* 
amide (hydrobromic acid salt) in Example 1 . 

2-S-{phenoxy-phenyl-3-yl-carbamoyl)*pyrrolidine-1-carboxylic acid benzyl ester 

1H NMR (DMSO-de): § 7.62-7.19 (m, 13H). 6.95-6.9 (m, 1H). 5.28 - 5.09 (m, 2H). 4.54-4.46 
(m. 1H), 4.2-3.58 (m, 2H), 2.42-2,39 (m. 1H), 2.12-1.99 (m, 3H). ES-MS: calcd, for 
C25H24N2O4 (416.17); found: 417.3 [M+H]. 

Pyrrolidine-2-S-carboxyllc acid (phenoxy-phenyl*3-yl)-amide liydrobromic acid salt 
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ll+NMR (DMSO-de): §7.64-7.21 (m, 8H), 7.01-6.97 (m, 1H). 4.51 (bs, 1H). 3.60-3.43 (m, 
2H).; 2.61-2.52 (m, 1H). 2.16-2.05 (m, 3H). ES-MS: calcd. for Ci7HyN202 (282.14); found: 
28l3'[M+Hl. f ' 

Example 36: 1K2-R-[(formyl-hydroxy-amino)Hnethyl]-hexanoyl}-pyrrolidin 
xylic, acid (5-fluoro-1 -oxy-pyrf dln-2-yl)-amide 

Th|^title compound is prepared according to General Procedure>;A from 2-[(benzyloxy- 
fonT)yl-amino)-methyO-hexanoic acid A-7 (R=n-butyl) and pyrrolidlne-2-carboxylic add (5- 
fluoj5)-pyridin-2-y()-amlde A-8 fX = CH2, n = 1, Ri = 2-(5-fluoro)-^yridyi] followed by the 
oxidation with with MCPBA. 

1H;|JMR (DMSO-de): § 10.6 (s, 1H). 9.85 (s. 1H). 8.71 (s. 1H). 8.2^ (m. 1H). 7.80 (s. 1H), 
7.4|(m, 1H), 4.75 (m, 1H), 3.52-3:80 (m, 2H), 3.32 (m. 2H). 3.05 (m4|H), 2.14 (m, 1H). 1.94 
(m.,^3H). 1.50 (m, 1H), 1.35 (m. 2H), 1.26 (m, 3H). d 0.84 (m, 3H). ES-MS calcd. for 
C18H25FN4O6 (396.42); found: 397.2 [M+H]. 

A-8-,is prepared from 2-chlorocarbonyl-pyrrolldlne-1-carboxyllc acid ben2yl ester and 5- 
fluoro-pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxyllc acid 
pyfldlne-2-yl-amide (hydrobromic acid salt) in Example 1 . 

1-{2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrolidine-2-SH:arboxylic acid 
(5-fluoro-pyrldin-2-yi)-amide 

1H NMR (DMSO-de): § 10.66 (s, 1H), 8.33 (m, 1H), 8.10 (m, 1H), d 7.75 (m. 1H), 7.44 (m, 
5H). 7.14 (m, 1H). 4.88 (s. 2H), 4.59 (m, 1H), 3.67 (m. 2H), 3.55 (m, 2H), 2.94 (m, 1H), 1.72- 
2.12 (m, 4H), 1.48 (m, 1H). 1.34 (m. 1H), 1.26 (m, 4H). 0.86 (m, 3H). ES-MS calcd. for 
C25H3,FN404 (470.55); found 471 .4 [M+H]. 

1-{2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrroiidine-2-S-carboxylic acid 
(5-fluoro-1-oxy-pyridin-2-yl)-amfde 

1H NMR (DMSO-de): §10.61 (s, 1H), 8.73 (m. 1H), 8.26 (m, 1H), 7.90 (m. 1H), d 7.42 (m, 
5H), 7.11-7.30 ^m. 1H). 4.86 (s. 2H). 4.78 (m, 1H). 3.67 (m. 2H). 3.56 (m, 2H), 2.92 (m. 1H). 
d 2.01 (m. 1H). 1.91 (m, 2H). 1.82 (m, 1H). 1.48 (m, 1H), 1.36 (m, 1H), 1.24 (m, 4H), d 0.83 
(m, 3H). ES-MS calcd. for C25H31FN4O5 (486.55); found: 487.4 [M+HJ. 

Example 37: 6-[1 -{2-R-[(f ormyl-hydroxy-amino)-methyl]-hexanoyl}-Si>yrrolidlne-2- 
carbonyl)-amino] nicotinic acid methyl ester 

The title compound is prepared according to General Procedure A from 2-[(benzyloxyT 
fomiyl-amino)-methyIl-hexanoic acid A-7 (R=n-butyl) and 6-[(pyrrolidine-2-S-carbonyl)- 
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amino]-nicotlnic acid methyl ester A-8 p< = CH2, n = 1, Ri= 6-amino-nicotinic add methyl 
ester]. - 3- 

1H NMR (DMSO-de): § 10.60 (s.1H). 8.83 (s, 1H). 8.26 (1. d). 8.13 (d, 1H),4:65 (1, m), 3.88 
(s, 3H). 3.70 (m, 1H), 3.62 (m, 2H). 3.43 (m. 1H), 3.06 (m. 1H). 2.14 (m, 1H). 1.86-2.04 (m, 
3H). 1.54 (m, 1H), 1.43 (m, 1H), 1.22-1.31 (m. 4H). 0.86 (t. 3H). EpMS calcd. for 
C20H28N4O6 (420.46); found: 421.4 (M+HJ. ^ 

Example 38: . 1-{2-R-[(formyl*hydroxy-amino)-methyl]-hexanoyl}'4-R7hyd^ 
lidlne-2-S-carboxylic acid (5-methyl-pyridiif^-2-yl)-amide m 

The title compound is prepared according fo General Procedure A fix)r#, 2-[(ben2yloxy- 
formyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyj) and 4-R-benzylQ^-pyrrblidlne-2- 
carboxylic add (5-methyl-pyridin-2-yl)-amlde^.A-8 pC = (R)-CH-OH, n Ri = 2-(5- 

methyl)pyridyl]. > , 

1H NMR (DMSO-de): §8.4-8.3 (m, 1H). 8.17-8,01 (m. IH). 7.86-7.75 (m, 1HJ. 5.36 (bs, 1H), 
4.83-4.78 (t, J = 8.42 & 7.67 Hz. 1H). 4.56 (bs. 1H), 3.89-3.73 (m, 2H). 3.52.(bs. 2H), 3.14 
(bs, 1H). 2.69 (bs, 3H). 2.26-2.09 (m, 4H). 1.63-1.44 (m, 6H), 1.03 (bs. 3H)/;ES-IVIS: calcd. 
for C19H28N4O5 (392.46); found: 393.5 [M+Hl. ^ 
A-8 is prepared from 4-'R-benzyloxy-pyrroIjdine-1-carboxylic acid tert-butyl ester and 5- 
methyl-pyridin-2-ylamine under HATU condition to give proline amide deri^/ative whicli on 
treatment with 4M HCI in dioxane provides tfie desired amine as described for the synthesis 
of azetidine-2-S-(4-methyl-pyridin-2-yl)-amide hydrochloric acid salt In Example 18. 
4-R-benzyloxy-pyrroiidine-2-S-carboxyiic acid (5-methyl-pyridine-2-yl)-arjide 
1H NMR (DMSO-de): 5 8.42 (bs. 1H), 8.15-8.12 (d, J = 8.24 Hz. 1H), 7.G5-7.92 (m.'IH). 
7.61-7.47 (m. 5H), 4.77-4.56 (m. 4H), 3.68-3.58 (m. 2H). 2.97-2.90 (m, 1H), 2.69 (bs, 3H), 
2.27-2.17 (m. 1H). ES-MS: calcd. for C18H21N3O2 (311.38); found: 312.5 [M+H]. 
4-R-benzyloxy-1 -{2-R-[(f ormyl-hydroxy-amino)-methyl]-hexanoyl}-pyrroi{dine-2-S- 
carboxyllc acid (S-methyl-pyrldine-^-yO-amide - ■% 
1H NMR (DMSO-de): 5 8.4-8.3 (m, IN), 8.14-8.01 (m, 1H), 7.8-7.76 (d. J = 8.52 Hz, 1H), 
7.56-7.48 (m, 5H). 4.85-4.8 (I. J = 7.42 & 7.69 Hz, 1H), 4.75-4.46 (m. 2H), 4.05 (bs, 1H), 4.0- 
3.68 (m, 2H), 3.54 (bs, 2H), 3.16 (bs, 1H). 2.69 (bs, 3H), 2.49-2.23 (m. 4H), 1.64-1.44 (m, 
6H), 1.04 (bs, 3H). ES-MS: calcd. for C26H34N4O5 (482.57); found: 483.5 [M+H]. 

Example 39: 1-{2-R-[(formyl-hydroxy-amlno)-methyl]-hexanoyl}-4-S-hydroxypyrro- 
lidine-2-S-carboxylic acid (5-metliyi-pyridine-2-yl)-amide 
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The title compound is prepared according to General Procedure A from 2-[(ben2yloxy- 
formyl-amino)'methyl]-hexanoic acid A-7 (R=n-butyl) and 4-S-0-benzoyl-pyrrolidlne-2- 
carboxylic acid (5-methyl-pyridin-2-yl)-amide A-8 \X^>= (R)-CH-OH, n = 1, Ri = 2-(5- 
methyl)pyridyl]. ^ 

1H NMR (DMSO-de): 5 8^-8.38 (d. J = 7.42 Hz, 1H),|§.16-8.11 (m, 1H), 7.8-7.76 (m, 1H). 
5.51-5.5 (d. J = 4.95 Hz, 1H). 4.63 (bs, 1H), 4.52-4.35^(d, J = 4.95 Hz. 1H), 4.02-3.68 (m, 
2H), 3.52 (bs, 2H), 2.70 (bb, 1H), 2.69 (bs, 3H), 2.21-1? 97 (m, 4H), 1.64-1.42 (m, 6H), 1.05- 

1 .03 (d. J = 6.04 Hz, 3H). f S-MS: calcd. for C19H28N4O3392.46); found: 393.5 [M+H], 
4-S-0-benzoyl-pyrrolidine-2-S-carboxyiic acid (5-methyl-pyridine-2-yl)-amide 

A-8 is prepared by the Inversion of 4-R-hydroxy-pyrrolidfne-1-carbo)Q^lic acid butyl (5-methyl- 
pyridin-2-yl)-amide under MItsunobu condition to give 4-S-0-ben2yloxy proline amide 
derivative which on treatment with 4M HCI In dioxane provides the desired amine as 
described for the synthesis of azetldlne-2-S-(4-methyl-pyridin-2-yl)-amlde hydrochloric acid 
saltin Example 18. 

1H NMR (DMSO-de): 5 8,38 (bs, 1H). 8.15-8.06 (m. 2H); 7.92-7.8 (m, 4H), 7.66-7.61 (t. J = 
7.69 Hz, IN), 5.74 (bs, 1H). 4.89 (bs. 1H), 3.83 (bs, 3.03-2.94 (m, 1H), 2.7-2.45 (m. 
4H). ES-MS: calcd. for C18H19N3O3 (325.37); found: 32g:4'[M+H]. 

Example 40: 1-{2-R-[(fomiyl-hydroxy-amino)-methyl]-hexanoyl}-4-R-hydroxypyrro- 
lidine-2-S-carboxylic acid (4-ethyl-pyridine-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amiho)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxyllc acid (4- 
ethyl-pyridin-2-yl)-amide A-8 [X = (R)-CH-OH. n = 1 , Ri ^ 2-(4-ethyl)pyridyI]. 
1H NMR (DMSO-de): §8.38-8.36 (d. J = 4.945 Hz, IH). 8.12-8.01 (m, 1H), 7.16-7.14 (m, 
1H), 5.37-5.36(d. J = 2.3 Hz. 1H), 4.85-4.8 (t, J = 7.69 Hz, 1H). 4.57 (bs, 1H). 3.89-3.55 (m, 
2H). 3.52 (bs. 2H), 3.14 (bs, 1H), 2.82-2.6 (m. 2H). 2.26-2.09 (m. 4H), 1.63-1.33 (m, 9H). 

1 .04 (bs, 3H). ES-MS: calcd. for C20H30N4O5 (406,48); found: 407.5 [M+H]. 

A-8 Is prepared from 4-R-benzyIoxy-pyrrolidlne-1-carboxyllc acid tert-butyl ester and 4-ethyl- 
pyridln-2-ylamlne under HATU condition to give proline amide derivative which on treatment 
with 4M HCI In dioxane provides the desired amine as described for the synthesis of 
azetldlne-2-S-(4-methyl-pyridln-2-yl)- amide hydrochloric add salt in Example 18. 
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4-R-benzyloxy-pyrrolidine-2-S-carboxylic acid (4-ethyi-pyrid!ne-2-yi)-aniide 

IHtNMR (DMSO-de): 6 8.48-8.46 (d, J = 5.22 Hz, 1H), 8.11 (bs, 1H), 7.62-7.34 (m. 8H), 
4.81^.56 (m, 4H), 3.69-3.59 (m, 2H), 2.98-2.83 (m, 3H), 2.29-2.19 (m, 1H), 1.41-1.38 (t, J = 
5.49 « 2.2 Hz, 3H). ES-MS: calcd;:for C18H23N3O2 (325.41); found: 326.3 [M+HJ. 

■M . # 

Example 41 ; 1 -{2-R-[(f orrnyl-hydroxy-arnino)-methyQ-hexanoyl]h4-R-hydroxypyiTO- 

lid9ne-2-S-carboxylic acid (5-trifluoromethyI-pyridlne-2-yl)-amide 

The^rtitle compound is prepared^ccording to General Procedure A from 2-[(benzyloxy- 
formyl-arnino)-methyl]-hexanoic ^id A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (5- 
triflupromethyl-pyridin-2-yl)-amide^-8 pc = (R)-CH-OH, n = 1, Ri = 2-(5-trifIuomethylethyl)- 
pyridyl. ■ ^' , 

1H ^NMR (DMSO-de): § 8.44-8.3 {f^, 2H). 8.01 (bs. 1H), 4.88^.83 (t, J = 7.69 Hz. 1H). 4.57 
(bsJ lH). 3-91.3.66 (m, 4H), 3,15p(bs, 1H), 2.3-2.13 (m, iZH). 1.63-1,45 (m, 6H). 1.03 (bs. 
3H). ES-MS: calcd. for Ci9H25F3Nib6 (446.43); found: 447.3 [M+H]. 

A-flf is prepared from 4.R-benzylpxy-pyrrolidine-1-carboxyHc add tert-butyl ester and 5- 
trifIupromethyl-pyridin-2-ylamine Cinder HATU condition to give proline amide derivative 
which on treatment with 4M HCI jn dioxane provides the desired amine as described for the 
synthesis of azetidine-2-S.(4-methyl-pyridin-2-yl)-amide hydrochloric acid salt in Example 

18. ^- 

4-R-benzyioxy-pyrrolidine-2-S-carboxylic acid (5-trifluoromethyl-pyridine-2-yl)-amide 

1H NMR (DMSO-de): 6 8.98 (bs. 1H). 8.5-8.42 (m, 2H), 7.62-7.47 (m, 5H). 4.84-4.56 (m, 4H). 
3.69-3.61 (m. 2H), 2.97-2.91 (m, 1H), 2.3-2:21 (m, 1H). ES-MS: calcd. for C18H18F3N3O2 
(365.36); found: 366.3 [M+H]. ^ 

Example 42 : 4-S-fluoro-1 r{2-R-[(f ormyl-hydroxy-amino)Hmethyl]-hexanoyl}-pyrfolidine-* 
2-S-carboxylic acid (5-methyl-pyridine-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzylo)Q^- 
formyl-amlno)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-S-fluoro-pyrrofidine-2-carboxylic 
add (5-methyl-pyridln-2-yl)-amide A-8 {K = (S)-CH-F^ n = 1 . Ri = 2-(5-methyl)-pyridyl- 
1H NMR (DMSO-de): 5 8.34-8.32 (bs. 1H). 8.1-8.05 (m. 1H), 7.83-7.80 (d, J = 8.52 Hz. 1H). 
5.63-5.45 (d, J = 54.1 Hz, 1H), 4.9-4.86 (d. J = 9.89 Hz, 1H). 4.22-3.5 (m. 4H), 3.18 (bs. 1H), 
2.69 (bs, 3H), 2.59-2.44 (m, 2H), 1.69-1.32 (m, 6H). 1.08-1.03 (t. J = 6.87 Hz, 3H). E&-MS: 
calcd. for C19H27FN4O4 (394.44); found: 395.4 [M+HJ. 

4-R-hydroxy-pyrrolidlne-2-S-carboxyiic acfd (5-mefhyi-pyrIdlne-2-yl)-amide 
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The coupling of O-tert butyl protected proline (1 nnmol) with 5-picoline (1.5 mmpi) in DMF (5 
ml) under HATU (1.3 mmol) and N,N-diisopropylethyl amine (5 mmol) condition followed by 
removal of Qrtert butyl with TFA-dichloroethane (1:1) provides the title compound. 
1H NMR (DMSO-de): § 8.34-8.32 (t. J = 1.5 & 3.3 Hz. 1H), 8.18-8.14 (m. 1H)V^7.82-7.77 (m. 
1H). 7.57-7.24 (m. 5H). 5.95-5.1 (m, 3H). 4.83-4.72 (m, 1H). 4.5 (bs. 1H), 3.76-3.59 (m, 4H), 
2.7-2.67 (mT*^3H), 2.38-2.31 (m, 1H), 2.18-2.1 (m, 1H). ES-MS: calcd. for C,9H2iN304 
(355.15); fb^a: 356.4 [M+HJ. 

4-S-fluoro-pyrrolidine»2-S-carboxylic acid (5-methyl-pyrldfne-2-yl)-amide^ 

The above fiydroxy compound (2 mmol) in methylenechloride (20 ml) Is treated with N'N- 
diethylaminosiulphur trifluoride (DAST; 4 mmol) at -70'*C. Then, reaction mixture is stirred at 
rt for 16 h ind washed with cold aq. NaHCOa solution, dried and concisntrated under 
reduced pressure. It is purified on silica gel column chromatography to give N^rotected 
derivative which on treatment with HBr-AcOH provides amino compound. 
1H NMR (DMSO-de): § 8.41 (bs. 1H), 8.11-8.09 (d. J = 8.24 Hz. 1H). 7.92-7.05 (m, 1H). 
5.71-5.53 (d,?J^= 52.47 Hz. 1H). 4.8 (bs, 1H), 3.84-3.67 (m, 2H). 3.04-2.81 (m. ^H), 2.69 (bs. 
3H). 2.68-2.d9^(m. 1H). ES-MS: calcd. for C11H14FN3O (223.25); found: 224.4 [M+HJ. 

Example 43 : 4-R-fluoro-1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidihe-* 
2-S-carboxyiic acid (5-methyi-pyrldlne-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-I(benzyloxy- 
fomnyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-R-fluoro-pyrrolidins-2-carboxylic 
add (5rmethyl-pyridin-2->rJ)-amide A-8 p( = (R)-CH-F, n = 1 , Ri = 2-(5-methyl)-pyridyl. 
1H NMR (DMSO-de): 6 8.34-8.31 (d. J = 7.42 Hz, 1H), 8.15-8.12 (d, J = 8.51 Hz. 1H). 7.99- 
7.73 (m. 1H), 5.66-5.48 (d. J = 52.7 Hz. 1H). 4.87-4.81 (t. J = 8.52 & 8.24 Hz. 1 H), 4.26-3.56 
(m, 2H). 3.52 (bs. 2H), 3.14 (bs. 1H), 2.69-2.68 (t, J = 1.92 & 1.65 Hz, 3H). 2.49-2.17 (m. 
2H). 1.64-1.42 (m. 6H). 1.08-1.04 (bs. 3H). ES-MS: calcd. for C19H27FN4O4 (394.44); found: 
395.4IM+H]. 

4-S-hydroxy-pyrrolldlne-1,2-dlcarboxyllc acid 1-tert-butyl ester-2-methyl ester 
To a solution of trans-4-hydroxy compound (Immol). triphen^ phosphine (1.5 mmol) and 
benzoic add (1.5 mmol) in THF (10 ml) is added N.N-^iisopropyl-azo dicarboxylate 
(1.5 mmol) in THF (5 ml) dropwlse at O^C. It Is stin-ed at rt for 16 h. The solvent is removed 
under reduced pressure and residue is dissolved in ether. It is ice cooled to predpitate 
phosphine oxide which is removed by filtration and filtrate is concentrated under reduced 
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pressure. The crude material is treated with methanolic sodium methoxide for 2 h attCC to 
give title cis-hydroxy compound. ( ' 

1H NMR (DMSO-de) 5. 4.43-4.35 (m, 2H), 3.80 (bs, 3H); 3.69 (m, 1H). 3.34-3.26 (ifi; 1H), 
2.54-2.50 (m, 1H), 2.04-1.97 (m, 1H). 1.55 (bs, 9H). ES-MS: calcd. for ChHitNOs (245.44); 
found: 246.3 [iVi+H]. y^: 4* 

4-R-f]uoro-pyrrolicline-2-S-carboxync acid (5-methyl-^yridine-2-yl)-amide '"^^ 
The fluorination of the above ds-hydroxy under similar reaction condition as descnbed in 
Example 42 provides the trans-4-fiuoro derivative which on saponification giv^^l the 
corresponding add. The amide is prepared from 4-R-fluor(D-pyrrolidine-1-carboxylic adl tert- 
butyl ester and 6-methyl-pyridin-2-yJamlne under HATfcj, condition to give proline -imide 
derivative which on treatment with 4M HCI in dioxanie provides the desired ami^ as 
desinibed for the synthesis of azetidine-2-S-(4-methyi-pyridin-2-yl)-amide hydrochloriS acid 
salt in Example 18. p 
IH NMR (DI\4SO-d8); 5 8.418-8.416 (t. J = 0.82 Hz, 1H), 8.14-8.1 1 (d. J = 8.52 Hz, 1H#7.97- 
7.94 (m. 1H), 5.78-5.59 (d, J = 55.77 Hz, IH). 4.83 (bs, IH). 3.89-3.69 (m, 2H), 3.(»fi-2.Q1 
(m. IH), 2.68 (bs. 3H), 2.44-Z29 (m. IH). ES-MS: calcd. for CHmFNsO (223.25);^6\ind: 
224.4 [M+H]. ' 

Example 44: 4,4-difluoro-1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoylH>yrro- 
lidine-2-S-carboxyiic acid (5-methyl-pyridine-2-yi)-amide 

The. title compound is prepared according to General Procedure A from 2-[(benzyioxy- 
fonDyl-amino)-methyl]-hexanoic add A^7 (R=n-butyl) and 4-difIuoro-pyrrolidine-2-carbojorlic 
add (5-methyi-pyridin-2-yl)-amide A-8 p< = CFa, n = 1. Ri = 2-(5-methyl)-pyridyl. 
1H NMR (DIVISO-de): § 8.34 (bs, 1H), 8.13-8.1 (d, J = 8.24 Hz, 1H). 7.87-7.78 (m. IH). 4.94- 
4.91 (d, J = 8.24 Hz, 1H). 4.49-4.16 (m, IH), 3.75-3.3 (m, 3H), 2.97 (bs, IH), 2.94-2.88 (m, 
IH), 2.75-2.66 (m, 4H), 1.65-1.45 (m, 6H), 1.06-1.04 (d, J = 6.04 Hz, 3H). ES-MS: calcd. for 
Ci9iT(»F2N404 (412.44): found: 413.5 [M+HJ. 

4-oxo-pyrroiidine-1,2-dlcarboxylic acid 1-tert-butyl ester-2-methyl ester 

To a solution of oxalyl chloride (1.3 mmoi) in methylene chloride (5 ml) is added DMSC (2.6 
mmol) dropwrse at -70''C. After 20 min, a solution of trans-hydroxy compound (1 mmol) In 
methylene chloride (5 ml) is added to reaction mixture. The reaction mbdure is warmed to - 
60'C and triethyiamine is added to it. The reaction mixture is wanned up to O'C and diluted 
Witt! more methylene chloride. It is washed with saline, 10% aq. citric add, dried and 
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concentrated under reduced pressure. The purification over silica gel with 20-30% EtOAc in 
hexane gives the 4-oxo compound. : 

1H NMR (CDCI3): §4.83-4.71 (m. 1H). 3.91-3.79 (m, 2H). 3.77;(bs, 3H). Z98-.2.88 (m, 1H). 
2.62-2.56 (m, 1 H), 1 .48 (bs, 9H). ES^MS: calcd. for C11H17NO5 (243.44); found: 244.3 [M+H], 
4-DI-fluoro-pyrrolidine-2-S-carboxyllc acid (5-methyl-pyr!dln^^2-yi)-amide 
The fluorination of the above 4-oxq compound under similar reaiction condition as described 
In Example 42 provides the 4-dkfluoro derivative which onf saponification gives the 
corresponding acid. A-8 is prepared from 4-di-fluoro-pynrolidine^1-carboxylic acid tert-butyl 
ester and 5-methyl-pyridin-2-ylamine under HATU condition to give proline amide derivative 
which on treatment with 4 M HCI in .dioxane provides the desiredamine as described for the 
synthesis of azetidine-2-S-(4-meth>j-pyridln-2-yl)-amide hydrochloric acid salt in Example 

18. u ' ' ' 

1H NMR (DMSO-da): 5 8.41-8.407 (t. J = 0.82 Hz, 1H). 8.13-8.1#(d, J = 8.52 Hz. 1H), 7,94- 
7.91 (m, 1H). 4.98-4.93 (t, J = 8.24lHz, 1H). 4.02-3.93 (m. 2H), %.26-3.2 (m, 1H), 2.94-2.84 
(m, 1H), 2.69-2.68 (t. J = 1.92 & 1.65 Hz. 3H). ES-MS: calcdJifor C11H13F2N3O (241.24); 
found: 242.4 IM+H]. 

Example 45; 1-{2-R-[(formyi-hydroxy-amino)-methyl]-hexanoyl}-4-R*methoxy-pyrro- 
lidme-2-S-carboxylic acid (5-methyl-pyridin-2-yl)-amide . 

The title compound is prepared according to General Procedure A frorn 2-[(benzyloxy- 
fonnyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-trans-methoxy-pyrrolidine-2- 
carboxyllc acid (5-methyl-pyridin-2-yl)-amlde A-8 [X = 4-trans-CH-OMe, n = 1. Ri = 2-(5- 
methyO-pyridyl. 

1H NMR (DMSO-de): § 10.6 (s. 1H). 9.90 (s, 1H). 8.33-8.32 (m. 1H), 8.14-8.11 (m, IN). 7.79- 
7.77 (m, 1H), 4.78-4.72 (m, 1H), 4.24 (bs. 1H), 3.97-3.78 (m, 2H), 3.69-3.67 (m. 1H). 3.52- 
3.34 (m, 4H), 3.15 (bs, 1H). 2.49-2.36 (m. 4H). 2.24-2.12 (m. 1H). 1.64-1.44 (m. 6H). 1.10- 
0.993 (m. 3H). ES-MS: calcd. for C20H30N4O5 (406.48); found: 407.5 [M+HJ. i 
A-8 is prepared from 4-R-hydroxy-pynrolidine-1,2-dicarboxylic add 1-te/t-butyl ester and 5- 
methyl-pyridin-2-ylamine as described below. 

4-R-methoxy-pyrrolidine-1,2-dicarboxylic acid l-torf-butyl ester 2-methyl ester 

To a DMF solution (70 ml) of 4-R-hydroxy-pyrrolldine-1 ,2-dicarboxylic acid 1-terf-butyl ester 
(5.0 g, 20.4 mmol, 1 equiv.) are successively added AgzO (14.2 g. 61 mmoi, 3 equlv.) and 
methyl iodide (7.0 ml. 102 mmol, 5 equiv.) at 0**C. The reacHon mixture is allowed to come to 
rt overnight. The reaction mixture is diluted with excess EtOAc, and the insoluble salts are 
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removed by filtration through Celite, The reaction rnixture is washed with water, sat. 
NaHCOa, and 10% sodium thiosulfate. The organic layer is dried over anhydrous Na2S04, 
filtered, and cpicentrated to give a light yellow oil. 

1H NMR (DMSO-de): §4.37^.30 (m. 1H).>4.15-4,11 (m, 1H). 3.85-3.82 (m. 3H). 3.60^3.58 
(m, 2H), 3.40^(s. 3H), 2.54-2.47 (m. 1H), 2?1 8-2.08 (m. 1H), 1.58 (s, 3H), 1.51 (m. 6H). ES- 
MS: calcd. fbiCi2H2iN06 (259.30); found: 2B2A [M+Na]. 
4-R-methQ3o^rpyrrolidine-1,2-dicarboxylic?^^^ 1-tert-butyl ester 

The above methyl ester (5.0 g, 19.2 mmorj^l equiv.) is taken in a 3:1 solution of THF/water 
(180 ml/60 mil) and cooled to O^'C. A soluti&jh of lithium hydroxide (1M solution in water, 38 
ml, 38 mmol, 2 equiv.) is added, and the resiJlting mixture Is stirred at 0*^0 for 2 h and at rt for 
2 h. The basic reaction mixture is quenchea with Amberllte IR-120 resin (H*) to pH 4-5 at 
0*C. The re^in is filtered off and rinsed with EtOAc, and the mixture Is concentrated to 
remove soh^ents. The residual oil is co-ev^porated twice with toluene, and concentrated to 
give a light yellow oil. 

1H NMR (DMSO-de): § 12.8 (bs, 1H), 4.32^1120 (m, 1H). 4.13 (bs. 1H). 3.59-3.33 (m, 5H). 
2.52-2.42 (m. 1H), 2.17-2.06 (m, 1H). 1:58-1.53 (m, 9H). ES-MS: calcd. for C11H19NO5 
(245.27); found: 2.44 [M-HJ. 

4-R-methoxy-2-S-(5-niethyl-pyridin-2-ylcarbamoyi)-pyrrolM acid ierf- 

butyl ester 

To a DMF solution (35 ml) of above carboxylic acid (4.20 g, 17.1 mmol, 1 equiv.) are 
successively added Hunig's base (15 ml, 86 mmol, 5 e<|Uiv.), 2-amIno-&-pIooline (2,78 g, 26 
mmol, 1.5 equiv.), and HATU (9.77 g, 26 mmol, 1.5 equiv.) at 0*C. The resulting mixture is 
stirred at rt for 18 h. The mixture is partitioned between excess EtOAc and 10% citric acid. 
The organic layer is washed with brine and saturated NaHCOa, dried over anhydrous 
Na2S04, filtered, and concentrated. The residue is purified by FC (hexaneiEtOAc = 100% to 
50%:50%) to give the title compound as a white solid. 

1H NMR (DMSO-de): 5 10.M0.6 (m, 1H), 8.33 (s, 1H), 8.21-8.14 (m, 1 H), 7.82-7.77 (m, 1H), 
4.63-4.54 (m. 1H), 4.15 (bs. 1H), 3.65-3.61 (m. 2H), 3.41 (s. 3H), 2.52-2.43 (m, 4H), 2.18- 
2.08 (m, 1H). 1.58-1.42 (m, 9H). ES-MS: caicd. for C17H25N3O4 (335.40); found: 336.5 [M+HJ. 
4-R-methoxy-pyrrolldine-2-S-carboxylic acid (5-methyl-pyridin-2-yl)-anrtide (hydro- 
chloric acid salt) 

The Boc-prolineaminopicoline (2.78 g, 8,29 mmol, 1 equiv.) is charged with 4N HCl/dioxane 
(21 ml, 83 mmol, 10 equiv.) at rt and allowed to stir for 18 h. The mixture is concentrated, 
and the residue is co-evaporated twice with toluene, and concentrated to give a pink solid. 

-50- 



wo 02/102790 PCT/EP02/06604 



1H NMR (DMSO-d6): 511.4 (bs. 1H), 10.4 (bs. 1H). 8.41-8.40 (m. 1H), 8.15-8.12 (m. 1H). 
7.92-7.88 (m, 1H), 469-4.63 (m. 1H), 4.36-4.33 (m, 1H), 3.69-3.56 (m. 1H), 3.53-3.44 (m, 
4H), 2.87-2.80 (m. 1H), 2.46 (s, 1H), 2.20-2.1 1 (m, 1H). ES-MS: calcd. for Ci2Hi7N302*2HCI 
(235.28); found: 236.'4'[M+H] free base. ■ . ■ M. 

1-{2-R-[(ben2yloxy-f6rmyI-amino)-methyl]-hexanoyl}-4-R-methoxy-pyrroHd 
carboxylic acid (5-ntethyl-pyridin-2-yl)-amide 

To a DMF solution ^(6 ml) of trans-methoxyprolineaminopicoline HCI salt (679 mg'f 2.20 
mmol, 1.5 equiv.), are successively added Hunlg's base (1.3 ml, 7.34 mmol, 5 equiv.), 
Versiacid VRl 172 (4110 mg, 1.47 mmol, 1 equiv.), and HATU (837 mg, 2.20 mmol, LSfquiv) 
at 0*'C. The resultingl^mixture is stirred at rt for 18 h. The mixture is partitioned beitWeen 
excess EtOAc and 1^% citric acid. The organic layer is washed with brine and satiated 
NaHCOs, dried over anhydrous Na2S04, filtered, and concentrated. The residue is purified 
by FC (CH2Cl2:ACE =^^00% to 50%:50%) to give the title compound as a colorless oil. ^^'• '^ 
1H NMR (DMSO.d6):»-10.6 (s, 1H), 8.37-8.33 (m, 1H), 8.14-8.05 (m. 1H), 7.79-7.76 (rn. lH). 
7.61-7.57 (m. 6H). 5^06 (s. 2H). 4.79-4.70 (m, 1H), 4.21 (m. 1H), 3.85-3.83 (m, 2H). 3,65- 
3.45 (m. 2H), 3.36 (fef 3H), 4.14 (bs, 1H). 2.49-2.40 (m, 4H), 2.19-2.11 (m, 1H), 1.63-1.33 
(m, 6H), 1 .05-0.992 (m, 3H). ES-MS: calcd. for C27H36N4O5 (496.60); found: 497.7 [M+HJ. 

Example 46: 1-{2-R-[(formyl»hydroxy-amino)-methyl]-hexanoyl}-4-S-methoxy-pyrro- 
lidine*-2-S-carboxy]ic acid (5*methyl-pyridin-2-yl)-amide 

The title compound is prepared; according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methylJ-hexanoic acid A-7 (R=n-butyl) and 4-cis-methoxy-pyrrolidtne-2- 
carboxylic acid (5-methyl-pyridin-2-yl)-amide A-8 p< = 4-cis-CH-OMe, n = 1, Ri = 2-(5- 
methyO-pyridyQ. 

1H NMR (DMSO-de): 8 10.3 (bs, 1H), 9.89 (bs, 1H), 8.30 (bs, 1H), 8.13-8.10 (m, 1H), 7.99 
(bs, 1H), 7.80-7.77 (m. 1H), 4.66 (bs, 1H). 4.44-4,14 (m, 2H), 3.74-3.52 (m, 5H), 3.41-3.28 
(m, 2H), 2.56-2.42 (m, 4H), 2.24-^.12 (m. 1H), 1.66-1.46 (m, 6H). 1.05-1.03 (m, 3M). ES-MS: 
calcd. for C20H30N4O5 (406.48); found: 407.5 [M+H]. 

A-8 is prepared finom 4-S-hydroxy-pynrolidine-1 ,2-dicarboxylic acid 1-ferf-butyl ester and 5- 
methyl-pyridin-2-ylamine as described for the corresponding trans methoxy compound 
(Example 45). 

4-S-methoxy*pyrrolidine-1,2<<iicarboxylfc acid 1-feft-butyl ester 2-methyl ester 
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-1.H NMR (CDCI3): 5 4.45-4.33 (m, 2H), 3.96-3.91 (m, 1H). 3.73 (s, 3H). 3.68-3.45 (m, 1H). - 
3.28 (s, 3H), 2.33-2.22 (m, 2H). 1.481.42 (m. 9H). ES-MS: calcd. for CzHjiNOs (259.30); • ■ 
ifound: 282.4 [M+Na]. ■ ■ h 

J-S-methoxy-pyrrolidine-1,2-dicarboxylic acid 1-feit-butyl estelF *^ 
HH NMR (DMSO-de): 5 12.8 (bs. 1H). 4.36-4.29 (m, 1H). 4.10-4;07 (m. 1H). 3.75-3.68 (m. 
ilH), 341.3.35 (m. 4H), 2.58-2.49 (m, 1H), 2.21-2.14 (m. 1H), 1.58-1.53 (m, 9H). ES-MS: ^. 
tjcalcd. for CnHigNOs (245.27),- found: 2.44 [M-H]. - 4® 

^S-methoxy-2'^-(5-methyl-pyridin-2-ylcarbamoyl)-pyiToHdine|i-carboxylic acid tert- ^ 
butyl ester $ 

4H NMR (DMSO-de): 510.3-10.2 (m, 1H). 8.32-8.31 (m. 1H), 8.1S-8.15 (m, 1H), 7.81-7.78 
(fn, 1H), 4.51-4.46 (m. 1H), 4.18-4.11 (m, 1H), 3.52 (s, 3H), 3.47-3.35 (m, 1H), 2.64-2.56 (m. ^ 
liH), 2.43 (s. 3H), 2.20-2.05 (m. 1H). 1.59-1.44 (m, 9H). ES-MS: calcd. for C17H25N3O4 ^ 
(335.40); found: 336.5 [M+H], ^ 
4.TS-methoxy-pyrrolidine-2-S-carboxylic acid (5-methyl-pyridin-2-yI)-ainlde (hydro- 
..chloric acid saK) '-^M 
m NMR (DMSO-de): 511.3 (bs. 1H), 10.6 (bs. 1H), 8.40-8.39 (m. 1H). 8.11-8.08 (m, 1H). ' ^ 
7.92-7.88 (m. 1H). 4.65-4.57 (m, 1H), 4.29-4.25 (m, 1H). 3.52-3.39 (m, 2H), 3.37 (s. 3H). ' 
2.81-2.71 (m, 1H). 2.59-2.33 (m, 4H). ES-MS: calcd. for Ci2Hi7N302*2HCI (235.28); found: 
' 236.4 [M+H] free base. 

1-{2-R-[(beh;^loxy-formyl-amlno)-niethyl]-hexanoyl}-4-S-methoxy-pyrrolidine-2-Sr 
carboxyllc acid (5-methyl-pyi1din-2-yl)-amide 

1H NMR (oKlSO-de): 510.1 (bs, 1H). 8.43(bs. 1H), 8.34-8.31 (m. 1H), 8.11-8.09 (m, 1H). 
7.79-7.76 (m, 1H), 7.62 (m, 6H), 5.05 (s. 2H), 4.79 (bs, 1H), 4.62 (bs. 1H), 4.01-3.98 (m. 
1H). 3.90-3.83 (m. 1H). 3.54-3.34 (m, 6H), 3.17 (bs, 1H), 2.46-2.42 (m, 4H), 2.13-i2.09 (m, 
1H), 1.50-1.39 (m, 6H), 1.15-0.992 (m, 3H). ES-MS: calcd. for Ca/HaeNAOs (496.60); found: 
497.7 [M+H]. 

Preferred compounds according to the invention are e.g. the compounds of Examples 6, 8, 
9, 14, 15. 21, 22. 28, 29, or 36. Even more jarefened are those of Examples 14 or 36. 

The compounds of the Invention, e.g. the compounds of formula (I), In free fbnm or In 
pharmaceutically acceptable salt from or a prodrug thereof, exhibit valuable phamnacological 
properties, e.g. as anti-infectious agents, e.g. as indicated in in vitro and in w'vo tests and are 
therefore indicated for therapy. 
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A, Inhibition of Peptide Deformvlase Activity 

The PDF/FDH coupled assay (Lazennec et al., Anal. Biochem., VoI.v224, pp. 180-182 
(1997)) is used. In this coupled assay, the fonnate released by PDF fromlts substrate fMAS 
is oxidized by the coupling enzyme FDH, reducing one molecule of NAC§ to NADH, which 
causes an increase in absorption at 340 nM.jAII assays are carried out at^ in a buffer of 50 
mM HEPES, pH 7.2. 10 mM NaCI, 0.2 rrig/ml BSA. in half-area 96-W|| microtiter plates 
(Corning). The reaction is initiated by adding a mixture of 0.5 Unit/ml FDIiivl mM NAD*, and 
fMAS at the desired concentration. To determine IC50 (the concentratio^needed to inhibit 
50% of enzyme activity) values, PDF is pre-incubated for 10 miniates with varying 
concentrations of the inhibitor, and the deformylatfon reaction is initiated^y the addition of 
reaction mixture containing 4 rriM fMAS. TiTe initial reaction velocity, y, is .measured as the 
initial rate of absorption increase at 340 riM using a SpectraMax plate ^^ceader (Molecular 
Devices, Sunnyvale, CA). The inhibitor concentration [In] at which 50^o of the enzyme 
activity is inhibited, IC50, is calculated using the following formula: 

y = yo/(i + tin]/iC6o) 

-- « ■ 

where yo is the reaction velocity in the absence of inhibitor. Solving this equation for IC50 at 
the [In] v\Aien y = yo/2 yields IC50. The IC^ is calculated based on a nonlinear least-square 
regression fit using a commercial software package (Deltapoint, Inc., Chicago, IL). 

Using this assay, the IC50 of various compounds of the invention is determined. The IC50 for 
the various compounds is determined against deformylase enzyme containing nickel and 
zinc as the metal ion. The ICso values of preferred compounds of formula (i) determined for 
the zinc-containing deformylase range from about 0.001 |jM to about 0.2 (jM. The IC50 
values of preferred compounds of formula (I) detenmined for the nickel-containing 
deformylase ranged from about 0.005 pM to about 3 pM. \ . 

B, Assay for Testing Antimicrobial Activity 

Minimum inhibitory concentrations (MICs) are detemr^ined using the microdilution method in 
96-well fomnat plates. Compounds are suspended in DMSO at 5 or 10 mg/ml and stored at 
A^'C until used. They are diluted in Mueller-Hinton Broth (MHB) or Trypticase Soy Broth 
(TSB) and Used for MiC determination. The range of concentrations tested is 64-0.0625 
A/g/ml final concentration using a two-fold dilution system. 
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The inoculum is prepared from cells grown on Trypticase Soy Agar (TSA) and incubated 
overnight at SS^'C, 5-10 colonies are used to inoculate MHB or TSB broths, and the culture is 
incubated overnight at 35*C. The overnight culture is diluted 1:10, incubated for 1 hour at 
35*^0, diluted to the appropriate inoculum size and apiplled to the wells containing broth and 
test compound. Inoculumisizes are 2x10"* CFU/ml. 'ki 

Plates are incubated at SS^'C for 48 hours and MIC ace recorded after 18 hours of incubation 
for bacteria. MIC is defined as the lowest concentratipn of a compound of the invention that 
does not produce visibl%'grov^h after incubation. 

Minimum inhibitory concentration for various preferre'd compounds of formula (I) ranges from 
about 0.25 pg/ml to about 32 \}g/m\ against H. influenza (four strains), from about 0.001 
pg/ml to greater than 8^fjg/ml against S. aureus (fdUr strains), from about 0.016 \jg/ml to 
about 16 pg/ml against S. pneumonia (four strains), and from about 0.008 yg/ml to about 16 
pg/ml against M. cataniialis. The deformylase enzymlb is obtained from E. colL 

C, Demonstratton of Selective Inhibition of PDF Compared to MMP-7 fMatrllvsIn) 

As noted previously, inhibitors which are selective for peptidyl deformylase over MMPs are 
desirable in order to avoid side effects. 

In order to test the compounds of the invention for possible inhibitory effects on MMPs, the 
following assay for MMP-7 (matrilysin) is used. - ^ ■ 

MMP-7 (Matrilysin) Assay: 

Matrilysin activity is assayed using a thio-peptide (Pro-Leu-Gly-S-Leu-Leu-Gly) as substrate. 
Upon enzyme hydrolysis, the thiolafe is released as a product. The thiolate thus generated 
reacts with DTNB (dithionitrobenzene), giving rise to a yellow color which is monitored at 405 
nM. The assay is earned out at rt; the assay buffer contains 50 mM Triclne, pH 7.5, 0.2 M 
NaCI, 10 mM CaCt. and 0.05% Brij, In a half-area 86-well microtlter plate. The reaction is 
initiated by adding a mixture of 200 TM DTNB and 100 TM thiopeptlde in buffer. To 
determine IC50 (the concentration needed to inhibit 50% of enzyme activity) values, MMP-7 
is preincubated for 10 minutes with varying concentrations of compounds of the invention, 
and the hydrolysis initiated by the addition of reaction mixture containing thlopeptide and 
DTNB. The reaction rate is recorded as the absorbance increase in OD405 over 30 minutes 
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using a SpectraMax plate reader (Molecular Devices, Sunnyvale, GA). The inhibitor 
concentration [In] at which 50% of the enzyme activity is inhibited, IC50, is calculated using 
the following formula: 

y = yo/(i+[in)/ic^) 

where yo is the reaction veloci^^in the absence of inhibitor. Solving this equation for ICso at 
the [In] when y = yo/2 yields ICotV^ 

Usihg this assay, the ICso of vanpus compounds of the invention are determined. The IC50 of 
varipus prefenred compounds o^formula (I) against MMP-7 ranges from greater than 10 pM 
to greater than 100 pM, wherea§ the IC50 of these same compounds against zinc-containing 
PDF ranges from about 0.005 pM to about 5 pM, and against nickel-containing PDF ranged 
from about 0.001 pM to aboi^ 0.3 pM. Accordingly, compounds of the invention have 
superior selectivity for PDF as q6mpared to their activity against MMP-7. Similar selectivity of 
the compounds for peptldyl deformylase over MMP-1, MMP-2, MMP-3, MMP-9, MMP-13, 
MT-MMP-1, and tissue necrosis .factor converting enzyme is observed. Similar selectivity is 
also observed over other metalloproteinases such as angiotensin converting enzyme. 

D, Mouse Septicemia Model for Determining In Vivo Efficacy 

CD1 female out-bred mice (Charles River Laboratories) weighing 18-22 g each are injected 
intraperitonealiy with 0.5 ml of a suspension containing 5 x 10^ cfu of S. aureus (Smith 
strain) in 7% hog gastric mucosa (mucin). The mice are treated, either subcutaneously (s.c), 
intravenously (i.v.) or orally (p^o.), 1 hour and 5 hours after infection. Six groups of sbc mice 
each are given different dosage levels representing two-fold dilutions of each compound to 
be tested (range of 100-0.1 mg/kg). Vancomycin is used as the control antibiotic and is 
administered s.c. Compounds of the invention are formulated in PBS and untreated controls 
are dosed with vehicle alone. 

Deaths in each group are monitored daily for 6 days and cumulative mortality is used to 
detenmine the 50% protective doses (PD50), which arei calculated using the method of Reed 
and Muench. The PD50 (s.c.) in mice against S. aureus for several preferred compound of 
formula (I) ranges from about 0.1 mg/kg to greater than 12 mg/kg. The PD50 (p.o.) In mice 
against S. aureus for these same compounds of fomiula (I) ranges from 1 mg/ml to greater 
than 12 mg/kg. 
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E, Pharmacokinetics Study of PDF Inhibitors in Mice 

The pharmacokinetics of PDF compounds are detennfned In GDI female out-bred mice 
(Charles River Laboratories) weighing 20-25 g. PDF compounds are formulated in 20% 
cyclodextrin (Aldrich) and filtered through 0,22 pm filter for sterilization. Bther single 
compound^or mixtures of 4-6 compounds as a cassette are administered Lv. and p.o. at 
10 ml/kg. TOe dose ranged from 3-15 mg/kg for each compound. At 0.083p.25, 0.5, 1, 2, 4 
and 7 hours after dosing, serum samples are collected via cardiacypuncture under 
anesthesiaj'Groups of four mice are used for each time point. The serum samples are stored 
at -80*C until analysis. 

The serum^ protein is precipitated by addition of acetonitrlle. The samples after protein 
precipitatio^ are analyzed by LC/MS/MS method. Standard curve Is obtained for each 
compound J and used for determination of compound concentration ^-^in serum. The 
pharmacol^ipetics parameters including Tmax (time of maximum coricontratton), C^ax 
(maximum, concentration), (terminal half-life), and AUG (area under the curve), are 
calculated , according to standard method. The oral bioavailability is calculated as .the ratio of 
AUG of p^o.. administration vs. the AUG administered i.v. The preferred compounds of 
formula (I) exhibit oral bioav^'lability greater than 70%. 

The compounds of the present invention are, therefore, useful for the treatment and/or 
prevention of infectious disorders caused by a variety of bacterial or prokaryotic organisms. 
Examples include, but are not limited to, Gram positive and Gram negative aerobic and 
anaerobic bacteria, including Staphylococci, e.g, aureus and S. epldermidis; EnterococcI, 
e.g. E, faecalis and E faecium; Streptococci, e.g. S. pneumoniaer, Haemophilus, e.g. 
H. influer}za\ Moraxella, e.g. M catarrhaiis; Bacteroides, e.g., Bacteroides fragilis, 
Clostridium, e.g., Clostridium difficile, Niesseria, e.g.. A/, meningitidis and-N. gonorriioae, 
Legionella, and Escherichia, e.g. E. co/i. Other examples include J\/lycobacteria, eLg. M. 
tuberculosis; intercellular microbes, e.g. Chlamydia and Rickettsiae; and Mycoplasma^ e.g. 
M. pneumoniae; and Pseudomonas, e.g. P. aeruginosa; Helicobacter pylori; and parasites, 
e.g. Plasmodium falciparum. 

As used herein, an "infectious disorder" is any disorder characterized by the presence of a 
microbial infection, such as the presence of bacteria- Such infectious disorders include, for 
example, central nervous system infections, external ear infections, infections of the middle 
ear, such as acute otitis media, Infections of the cranial sinuses, eye infections, infections of 
the oral cavity, such as infections of the teeth, gums and mucosa, upper respiratory tract 
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infections, lower respiratory tract infections, genitourinary infections, gastrointestinal 
infections, gynecological infections, septicemia, bone and joint infections, skin Jand skin 
structure infections, bacterial endocarditis, bums, antibacterial prophylaxis ofv;surgery, 
antibacterial prophylaxis in immunosuppressed patients, such as patients receiving cancer 
chemotherapy, or organ transplant patients and chronic diseases caused by irxfectious 
organisms, e.g. arteriosclerosis. ^ 

The compounds may be used to treat a subject to treat, prevent, and/or reduce tKe^everity 
of an infection. Subjects include animals, plants, bloc^ products, cultures and surfaces such 
as those of medical or research equipment, such as glass, needles, surgical equipjgient and 
tubing, and objects intended for temporary or pernjanent implantation into an onanism. 
Preferred animals include mammails, e.g. mice, rats.^pats, dogs, cows, sheep, pigsi? horses, 
swine, primates, such as rhesus monkeys, chimpanzees, gorillas, and most preferably 
humans. Treating a subject includes, but is not linfiited to, preventing, reducing; and/or 
eliminating the clinical symptoms caused by an infection of a subject by a microorganism; 
preventing, redudng, and/or eliminating an infection of a subject by a microorganism; cm- 
preventing, reducing, and/or eliminating contamination of a subject by a microorgape^m. The 
microorganism involved is preferably a prokaryote, more preferably a bacterium. 

For the above uses the required dosage will of course vary depending on the mode of 
Administration, the particular condition to be treated and the effect desired. The compositions 
may contain, for example, firom about 0.1% by weight to about 99% by weight, e.g. firom 
about 10-60% by weight, of the active material, depending on the method of administration. 
Where the compositions comprise dosage units, each unit will contain, for exam;.ile, from 
about 1-1000 mg, e.g. 1-500 mg, of the active Ingredient. The dosage as employed for adult 
human treatment will range, for example, from about 1-3000 mg per day, for instance 1500 
mg per day depending on the route and frequency of administration. Such a dosage 
dbrresponds to about 0.015-50 mg/kg per day. Suitably the dosage is, for example, from 
about 5-20 mg/kg per day. Suitable unit dosage forms for oral administration comprise ca. 
0.25-1500 mg active ingredient. 

A "pharmaceutically acceptable earner" means an exdpient that is useful in preparing a 
pharmaceutical composition that is generally safe, nontoxic and neither biologically nor 
othenA^ise undesirable, and includes an excipient that is acceptable for veterinary use as well 
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as human phannaceutical use. A "phamiaceutically acceptable carrier" as used In the 
specification and claims includes both one and more than one such carriers. 



The compounds may be administered by any conventional route, e.g. locally or systemlcally 
e.g. orally, topically, parenteraHy, subdemially, or by inhalation and may be used for the 
treatment of bacterial infection^ a subject such as animajs/. preferably, mammals, more 
preferably, humans. ^ : 

The compounds of the inventiorvmay be formulated for administration in any convenient way 
for use in human or veterinary rnedidne, by analogy with other antibiotics. Such methods are 
known in the art (see, e.g. Remington's Pharmaceutical Sciences, Easton, PA: Mack 
Publishing Co.) and are not described In detail herein. ? 

The compositions may be In any form known In the art. Including but not limited to tablets, 
capsules, wafers, fast melts (without wafers), powders, granules, lozenges, creams or liquid 
preparations, such as oral or sterile parenteral solutions or suspensions. The compounds 
may also be administered In liposomal, miceilar or mIcnDemulslon formulations. The 
compounds may also be administered as prodrugs, where the prodrug administered 
undergoes biotransformation in the treated rhammal to a form which is bioioglcally active. 

The topical formulations of the present invention may be presented as, for instance, 
ointments, creams or lotions, solutions, salves, emulsions, plasters, eye ointments and eye 
or ear drops, impregnated dressings, transdermal patches, sprays and aerosols, and may 
contain appropriate conventional additives such as preservatives, solvents to assist drug 
penetration and emollients in ointments and creams. 

The formulations may also contain compatible conventional carriers, such as cream or 
ointment bases and ethanol or oleyl alcohol for lotions. Such carriers may be present, for 
example, from about 1% up to about 99% of the formulation. For example, they may form up 
to about 80% of the fomiulation. - 

Tablets and capsules for oral administration may be in unit dose presentation fomn, and may 
contain conventional excipients such as binding agents, for example, syrup, acacia, gelatin, 
sorbitol, tragacanth, or polyvinylpyrollidone; fillers, for example, lactose, sugar, maize-starch, 
calcium phosphate, sorbitol or glycine; tabletting lubricants, for example, magnesium 
stearate. talc, polyethylene glycol or silica; disintegrants, for example, potato starch; or 
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acceptable wetting agents, such as sodium lauryl sulphate. The tablets may be coated 
according to methods well-known in standard pharmaceutical practice. 

Oral liquid $ireparations may be in the fqrm of, for example, aqueous or oily suspensions, 
solutions, Emulsions, syrups or elixirsjcor may be presented as a dry product for 
reconstitutidn with water or another suitable vehicle before use. Such liquid preparations 
may contain conventional additives, such as suspending agents, for example, sorbitol, 
methyl cellulose, glucose syrup, gelatinK;hydroxyethyl cellulose, carboxymethyl cellulose, 
aluminium 'Stearate gel or hydrogenated ^^ible fats; emulsifying agents, for example, lecithin, 
sorbitan mbnooleate, or acacia; non-aqueous vehicles (which may include edible oils), for 
example, almond oil, oily esters such :^s glycerine, propylene glycol, or ethyl alcohol; 
preservatives, for example, methyl or propyl p-hydroxybenzoate or sorbic acid, and, if 
desired, conventional flavoring or coloring^agents. 

^. • : ' f-i ■ ■ ' " 

For parenteral administration, fluid unit dosage forms are prepared utilizing the compound 
and a sterile vehicle, water being prefen;ed. The compound, depending on the vehicle and 
concentration used, may be either suspended or dissolved in the vehicle or other suitable 
solvent. In preparing solutions, the compdund may be dissolved in water for injection and 
filter sterilized before filling into a suitable vial or ampule and sealing. Advantageously, 
agents such as a local anesthetic preservative and buffering agents may be dissolved in the 
vehicle. To enhance the stability, the composition may be frozen after filling into the vial and 
the water removed urider vacuum. The dry lyophilized powder is then sealed in the vial and 
an accompanying vial of water for injection may be supplied to rea>nstitute the liquid prior to 
use. Parenteral suspensions are prepared in substantially the same manner except that the 
compound is suspended in the vehicle instead of being dissolved and sterilization cannot be 
accomplished by filtration. The compound may be sterilized by exposure to ethylene oxide 
before suspending In the sterile vehicle. Advantageously, a surfactant or wetting agent is 
included in the composition to facilitate uniform distribution of ttie compound. 

The compounds of the invention, e.g. the compounds of formula (I), may be administered in 
free form or in pharmaceutically acceptable salt form e.g. as indicated above. Such salts 
may be prepared in conventional manner and exhibit the same order of activity as the free 
compounds. 

In accordance with the foregoing the present invention further provides: 
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1.1 A method for treating and/or preventing an infectious disorder in a subject, such as a 
human or other animal subject, comprising administering to the subject an effective 
amount of a . compound of the Invention, e.g. of formula (I), a pharmaceutically 
acceptable salt thereof or a prodrug thereof. a 

1.2 A method fdr^inhibiting peptldyl deformylase in a subject comprising administering to 
the subject an effective peptidyl deformylase Inhibiting amount of a compound of the 
invention, e.g? of formula (I), a pharmaceutically acceptable salt thereof or a prodrug 
thereof. IX 

2. A compound gf the invention, e.g. of fomnula (I), in free form or in a pharmaceutically 
acceptable s^t form for use as a phamfiaceutical, e.g. in any method as indicated 
under 1.1 or 1v2 above. 4 

at 

3. A pharmaceutical composition, e.g. for use in any of the methods as in 1.1 • or 1,2 
above comprj^^ing a compound of the invention, e.g. of fonmula (I), in free form or 
pharmaceutically acceptable salt form e.g. In association with a pharmaceutically 
acceptable diluent or earner therefor. 

4. A compound bfithe invention, e.g. of formula (I), a pharmaceutically acceptable salt or 
a prodrug thereof for use as a pharmaceutical or in the preparation of a pharmaceutical 
composition for use in any method as indicated under 1.1 or 1.2 above. 

"Treating" or "treatment* of a disease includes: 

(1) preventing the disease^ i.e. causing the clinical symptoms of the disease not to 
develop in a subject, e.g. a mammal, that may be exposed to or predisposed to the 
disease but does not yet experience or display symptoms of the disease, 

(2) inhibiting the disease, i.e. arresting or reducing the development of the disease or its 
clinical symptoms, or 

(3) relieving the disease, i.e.. causing regression of the disease or its clinical symptoms. 

. * 

An "effective peptidyl deformylase inhibiting amounf means the amount of a compound, a 
pharmaceutically acceptable salt thereof or a prodrug thereof, that when administered to a 
subject for treating an infectious disorder responsive to inhibition of peptidyl deformylase or 
for inhibiting peptidyl deformylase, is sufficient to inhibit peptidyl deformylase. The "effective 
peptidyl deformylase inhibiting amounr will vary depending on the compound, salt thereof or 
prodrug thereof, employed, the microorganism that is inhibited in the subject, the age, 
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. weight, sex, medical condition, species, disorder and its severity, of the subject to be treated, 
and the route of administration, but may nevertheless be readily determined by one skilled in ' 
the art, v ^ . 

^ The compounds of the invention, e.g. of formula (I), a phanmaceutlcally acceptable salt 
f 'thereof or prodrug thereof, may be administered alone or in. combination with another' 
therapeutic agent. Examples of such therapeutic agents indude. but are not limited to. othefi^^ 
antibacterial agents such as p-lactams e.g. penicillins; cephalosporins; carbapenems^/ 
ifc^'ketolides; qulnolones e.g. fluoroquinolones; macrolldes e.g. clarithromycin, azithromycin oir^ 
;^:vancomydn; rifamycins; monobactams; isonlazid; llcosamidqs; muplrocin; sulfonamldesr|: 
phenicols; fosfomycin; glycopeptides; tetracyclines; streptograrnins; chloramphenicol; anc^' 
^ oxazolidinone, anti-inflammatory agents. e.g. corticosteroids ,or NSAID, analgesics, e.g.^ 
^ narcotic or non-oploic analgesics. ^ 

■^i. In accordance with the foregoing the present Invention provjdesjn a yet further aspect: gi 

; 5. A method as defined above comprising co-administratioh, e.g. concomitantly or iri?^^ 
^ t sequence, of a therapeutically effective amount of a compound of the invention, e.gf 
« of formula (I), a phanmaceutlcally acceptable salt thereof or a prodrug thereof, and si' [ 

second therapeutic agent. - 

6. A therapeutic combination, e.g. a kit, comprising a) a compound of the Invention, e.g. 
of formula (I), a phamnaceutically acceptable salt thereof or a prodrug thereof, and b) 
at least one second therapeutic agent. Component a) and component b) may be , 
used concomitantly or In sequence. The kit may comprise instructions for its 
administration. 

The following are representative pharmaceutical formulations containing < a compound of 
formula (I). 

Example 1 ; Tablet Formulation 

The following Ingredients are mixed Intimately and pressed into single scored tablets: 
Quantity per Ingredient Tablet fma) 

Compound of this invention 400 
Cornstarch 50 
Croscarmellose sodium 25 . 

Lactose 120 
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Magnesium stearate 5 ■ 

Example 2: Capsule Formulation .* 

The following ingredients are mixed intimately and loaded into a hard-shell gelatin capsule: 
Quantity per ^ Ingredient Capsule fmq) 

Compound of this invention 200 
Lactose, spray — dried 148 
Magnesium stearate 2 '^-^ 

Example 3: Suspension Formulation -^^ 52^ 
The following ingredients are mixed to form a suspension for oral adminis'tration: 



Inaredlent 


Amount 




Compound of this invention 


1.0g 




Fumaric acid 


0.5 g 




Sodium chloride 


ZOg 


> - 


Methyl paraben 


0.15 g 




Propyl paraben 


0.05 g 




Granulated sugar 


25.0 g 




Sorbitol (70% solution) 


13.00 g 




Veegum K (Vanderbilt Co.) 


1.0 g 




Flavoring 


0.035 ml 




Colorings 


0.5 mg 




Distilled water 


q.s. to 100 ml 





Example 4: Inlectable Formulation 

The following ingredients are mixed to form an injectable formulation: 

Ingredient Amount 

Compound of this invention 0.2-20 mg 

Sodium acetate buffer solution, 0.4 M 20 ml 

HCI (1 N) or NaOH (IN) q.s. to suitable pH 

Water (distilled, sterile) q.s. to 20 ml 
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Example 5: Suppository Formulation 

A suppository of total weight 2.5 g is prepared by mixing the compound of the invention with 
Witepsol® H-5 (triglycerides of saturated vegetable fatty acid; Riches-Nelson, Inc., New 
York), and has the following composition: ' . 

Compound of the invention t^sOOmg 

Witepsol® 5 ;>2000mg 

The present invention is not limited to the clinicai use of the compounds of the Invention, i.e, 
in the treatment of infection in a subject. The compounds of the invention are useful to 
inhibit bacteria wherever it is desired to inhibit bacteria by contacting the bacteria with one or 
more compounds of the invention. Because of their ability to inhibit bacteria, the compounds 
of the invention are particularly useful to prevent contamination of cell cultures. As used in 
this context, the term "inhibif means the suppression, control, stasis, or kill of bacteria. 
Eukaryotic cells, in particular animal cells, are often cultured for various reasons such as for 
their ability to produce substances such as proteins. Examples of such cells include 
Chinese hamster ovary cells (CHO cells), African gfeen monkey kidney cells, hybridomoas 
constructed by fusing a parent cell (myeloma, etc.) with a useful substance-producing 
normal cell (lymphocyte, etc.), and the like. Typically, the compounds of the invention are 
incorporated into cell culture media at a bacteria inhibiting amount, e.g., a concentration of 
about 0.0001 to about 10 microgram/ml, preferably about 0.0001 to about 1 microgram/ml, 
and more preferably about 0.001 to about 0.1 microgram/ml. Any conventional cell culture 
medium known in the art can be used. 

In accordance with the foregoing the present invention provides in a yet further aspect: 

7. A method for preventing bacterial contamination of a cell culture medium comprising 
incorporating into said cell culture medium a bacteria inhibiting amount of a 
compound of the invention, e.g. of formula (1), or a pharmaceutlcally acceptable salt 
thereof, 

8. A cell culture medium comprising, a bacteria inhibiting amount of a compound of the 
invention, e.g. of formula (I), or a pharmaceutlcally acceptable salt thereof. 

The foregoing invention has been described in some detail by way of illustration and 
example. It will be obvious to one of skill in the art that changes and modifications may be 
practiced within the scope of the appended claims. All patents, patent applications and 
publications cited in this application are hereby incorporated by reference in their entirety. 
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CLAIMS: 

i . A compound of formuli; (I) 



mi 




wherein X is -CH2-. -CH(OHK -CH(OR)-, -CH(SH)-, -CH(SRK -CF2-. -C=N(OR)- 
or -CH(F)-; wherein RljsalkyI; ?j 
Ri is aryl or heteroarylh 

each of R2, R3. R4 and^Rs independently is hydrogen or alkyi, or (R2 or R3) and (R4 or r 

R5) collectively form b JC^7 cycloalkyi; and 

n is 0 to 3, provided that when n is 0, X Is -CHz-; 

or a salt thereof or a prodrug thereof. 

A compound according to claim 1, wherein X is -CH2-; Ri is heteroaryl; R2, R3 and R4 
are hydrogen; R5 is n-butyl and h is 1; or a salt thereof or a prodrug thereof. 

A compound according to claim 1 or 2, wherein heteroaryl is a residue of formula (II) 



(II) 





wherein each of Re. R7. Rs and R9 independently is hydrogen, alkyI, substituted alkyI, 
hydroxy, alkoxy, acyl, acyioxy, SCN, halogen, cyano, nitro, thioalkoxy, phenyl, 
heteroalkylaryU alkylsulfonyl, or formyl; or a salt thereof or a prodrug thereof. 
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A compound according to claim 1 or 2, wherein heteroaryl is a residue of formula (III) 




or 




or 




(III) 



I- 
O 



wherein each of Re, Rr* Rs and Rg independently is hydrogen, alkyi, substituted alkyi, 
phenyl, halogen, hydroxy or alkoxy. 



A; compound according to any one of claims 1 to 3, wherein Ri: is a heteroaryl of 
formula (IL1) 




(11.1) 



wherein Re. Re and Rg are hydrogen and R7 is ethyl or methoxy, 
or a salt or a prodrug thereof. 

A compound according to any one of claims 1. 2, or 4, wherein Ri is a heteroaryl of 
formula (III.1) 




(IIM) 



wherein Re, R7 and R9 are hydrogen and Re is fluoro or trifluoromethyl, 
or a salt or a prodrug thereof. 



A process for preparing a compound of formula (I) according to claim 1 which 
process comprises reacting a compound of formula (V) 




wherein R2, R3, R4 £^nd R5 are as defined in claim 1 and Y is a hydroxy protecting 
group, or a functional derivative thereof, with a compound of formula (VI) .5^ 




wherein R^, X and h are as defined in claim 1 , and X' is NH or O, and wherf. required, 
converting the resulting compounds obtained in free form into salt formis or vice 
versa. 

8. A pharmaceutical composition comprising a compound of formula I eccording to 
claim 1, or a pharmaceutically acceptable salt or a prodrug thereof, in. association 
with a pharmaceutically acceptable diluent or carrier therefor. 

9. A compound of formula I according to claim 1, or a pharmaceutically acceptable salt 
or a prodrug thereof for use as a pharmaceutical. 

10. A method for treating and/or preventing an infectious disorder in a subject comprising 
administering to the subject an effective amount of a compound of formula I according 
to claim 1 , a pharmaceutically acceptable salt thereof or a prodrug thereof. 

11. A method for preventing bacterial contamination of a celf culture medium comprising-; 
incorporating into said cell culture medium a bacteria inhibiting amount of a 
compound of formula I according to claim 1 , or a pharmaceutically acceptable salt 
thereof. 

12. A ceil culture medium comprising, a bacteria inhibiting amount of a compound of 
formula I, or a pharmaceutically acceptable salt thereof. 
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